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Foreword 


Hsundations have ever been the concern of mankind in the 
erection of its permanent structures. No structure has ever 
survived the destruction of its foundations unless they were re¬ 
placed or strengthened. Such of them as have survived through 
the ages have done so primarily because of their foundations. 
It is interesting to reflect that this all-important subject re¬ 
ceived little attention as a science until the beginning of the 
present generation; men still living and active in engineering 
may be counted among the pioneers. True, history records the 
efforts of the builders of the Middle Ages groping with crude 
assumptions about soil bearing values, but they had neither 
the facility nor the basic data upon which to do more than 
guess, sometimes intelligently, sometimes disastrously. Their 
success may be laid more to wide factors of safety and unex¬ 
plained and, indeed, unperceived, soil resistance, than to any¬ 
thing that may be called scientific in the modern meaning of 
that word. 

The necessities of bridge building in the early part of the 
nineteenth century, when railroad construction commenced 
to appear, focused attention on the subject, but it was attended 
with bewilderment, and foundations as a department of the 
new science of civil engineering lagged woefully. Bridge 
foundations suggested the problems that skyscraper building 
made acute. Structural steel, elevators, and electricity made 
skyscrapers possible, but foundation problems set the limita¬ 
tions, and we still groped with empirical assumptions, many of 
them wrong but nearly all of them saved by the all-embracing 
factor of safety. Disastrous excursions into the field of a then 
pseudo-science are still remembered, and the fettered engi- 
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neering of the end of the nineteenth century, in a spirit of 
temporary despair, assumed undue and uncharted settlement 
as inevitable, for by this time the concentrated loads had 
passed the bounds of the confined areas of congested city build¬ 
ing and full understanding of the foundation problem became 
imperative. 

The engineering profession may well be gratified to reflect 
that it held within its ranks men who dared grapple with the 
subject, essaying to penetrate the forbidding unknown of diffi¬ 
cult and hazardous soil and foundation conditions and make 
them measurably known so that towering structures of un- 
dreamed-of heights could be safely erected, and that subways 
and tunnels among the crowded city skyscrapers could be con¬ 
structed safely where only a decade before such works were 
regarded as unsafe and, indeed, impossible of accomplishment. 
Many men contributed to the rich fund of knowledge of the 
subject that has been recently developed. Generously they 
acknowledge one another’s contributions. 

Perhaps no group has done more to bring this refractory 
and baffling subject under scientific discipline than Charles B. 
Spencer, Edmund A. Prentis, and Lazarus White. Skillful 
engineers that they are, they have put their knowledge to the 
most practical of tests by actually undertaking the projects 
then desired and contracting for their successful completion. 

Spencer, White and Prentis is a firm name that must be in¬ 
cluded in any category of the leaders in scientific design and 
construction of difficult foundations of our time. Their sound 
engineering knowledge is coupled with a practical ingenuity 
that commands the admiration of engineers everywhere. 

The authors call their volume Underpinning, seemingly a 
challenge to the subject, for engineers know that underpin¬ 
ning implies all of the obstacles of difficult foundations plus 
the added problem of holding existing structures in place and 
undisturbed and, with it all, safeguarding the lives of all con¬ 
cerned as well as the normal routine of our complex, crowded 
cities. 

Underpinning, then, is a volume rich in the applied new 
science of difficult foundation construction; an answer to the 
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riddle of only yesterday, and a veritable treasure-trove of 
valuable experience and knowledge of the subject. Perhaps 
one of its unique qualities is the generous outgiving of special 
knowledge that, without any violation of engineering ethics, 
might easily have been withheld, the business interest of the 
authors considered. We learn from the volume how all of their 
most difficult problems were met and solved, how research had 
to be undertaken in the midst of a great project—where prece¬ 
dent failed to give the clue to the solution, and where, above 
everything else, safety at all times had to be maintained. All of 
the ingenious new devices are explained, and, in a spirit of can¬ 
dor that pervades the whole work, unsolved problems are 
freely admitted. 

That the authors are true students of the science is proved 
by Chapter VII; therein is revealed the research, and the defer¬ 
ence to other engineers in the same field. Both humility and 
courage of conviction stand out of the pages, and from them 
we draw the firm conviction that, above all, we are viewing the 
work of scientific men who have put their conclusions to prac¬ 
tical tests and proved them. 


WILLIAM A. STARRETT 
















Preface to the First Edition 


5ince the publication of Modern Underpinning in 1917, 
the general methods of doing underpinning work have changed 
but little. The technique, however, has been revolutionized 
and the scope of the underpinning field has vastly increased, 
and has assumed an importance then unsuspected, partly be¬ 
cause of its intimate connection with new foundation methods. 
In addition, much advance has been made in the science of soil 
mechanics. The old book has been out of print and out of date 
for many years, and a new one on the subject has appeared 
necessary. 

For several years the authors have felt that they owed to the 
profession the duty of preparing a new book and through this 
period of time have been gathering data with this volume in 
mind. This work was facilitated by the fact that, fortunately, 
their company (Spencer, White and Prentis) and its affiliated 
companies have been very actively engaged in the construction 
field, particularly in subway construction, foundation and un¬ 
derpinning work, and their staffs have cooperated in every 
way. Where a particular advance has been made, careful 
records and drawings have been prepared for the purpose of 
illustration. In this way a large amount of original material 
has been gathered by the authors for use here, scarcely any 
from the old volume being used. Unless otherwise noted, all 
the material is their own. 

Some of the methods, appliances, and machinery described 
are the result of a great deal of experimental work by the 
authors themselves and by the staffs of their companies, involv¬ 
ing a considerable expenditure of time and money. They 













xii Preface to the First Edition 

might be considered trade secrets, although some are covered 
by patents. Nevertheless they are published here—even at the 
risk of losing the trade advantage of methods known only to 
the authors—one compensation to them being the feeling that 
they have perhaps benefited the profession to which they owe 
so much. 

They have also kept abreast of the recent developments in 
the science of foundations, and have gathered much material 
on the subject, both from their own and from outside sources. 
They have also had some part, through experiments con¬ 
ducted by themselves, and otherwise, in adding to the store 
of information on this subject. Particularly have they been 
fortunate in their friendship and association with Dr. Karl 
Terzaghi, whose work in this line is outstanding. Much of the 
material in Chapter VII has been taken from his work and, 
more important, his has been the guiding spirit. This chapter 
was a difficult one, as the science of foundations is still in the 
formative period. It is felt that the present knowledge of soil 
mechanics, however imperfect, is a great aid in understanding 
how foundations act, and is a great help in avoiding many of 
the mistakes made in the past. Even though it is likely that 
within the next few years the theories advanced here will seem 
crude, yet the authors feel that their publication, if it helps 
engineers to choose better and safer foundations, will have 
been justified. They feel further that engineers are often sud¬ 
denly confronted with the problem of a structure on insecure 
or too shallow foundations, or of adapting old foundations to 
a new purpose. To aid them they have gathered together in 
this volume many examples of different kinds of underpin¬ 
ning and have given details of methods and apparatus with the 
hope of helping them in their problems. 

EDMUND ASTLEY PRENTIS 

LAZARUS WHITE 

New York 
June i, 1931 







Preface to the Second Edition 


W 

When Modern Underpinning was published in 1917, the 
authors drew upon their own experiences, largely in the con¬ 
struction of a single subway section. However, the problems 
solved and the techniques developed were unusual enough to 
claim the interest of engineers all over the world, and to cause 
a demand for the little volume far beyond the authors’ expec¬ 
tations. 

1 93 1 > when the first edition of Underpinning was pub¬ 
lished, the authors had tested the principles set forth in the 
earlier work on hundreds of operations and had perfected 
many new processes to carry the heavy loadings and provide the 
speed of installation required in the skyscraper era. Again the 
authors underestimated the demand from engineers and archi¬ 
tects for a work which, by setting forth the accomplishments 
and the mistakes of the past, pointed the way towards still 
greater achievements and fewer mistakes in the future. 

In the years that have passed since the publication of Under¬ 
pinning, a second World War followed by an accelerated pro¬ 
gram of public works, has focused scientific attention upon 
engineering construction. The interesting theories of soil me¬ 
chanics presented two decades ago have had thousands of prac¬ 
tical applications and are taught in every engineering school 
in the country. Spencer, White & Prentis, Inc., the authors’ 
company, proud to have had the opportunity of using their 
wide experience in the war effort, is now busy on peacetime 
construction, including the underpinning of the historic White 
House. 







xiv Preface to the Second Edition 

The authors, in presenting this second edition of Underpin¬ 
ning, hope to satisfy the demand of those unable to obtain a 
copy of the first edition, and at the same time recapture the in¬ 
terest of their old readers with the chapter on moving heavy 
structures and the other new material which has been added. 

E.A.P. 

L.W. 

New York 
July i, 1950 
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I. General Considerations 


INTRODUCTION 

Underpinning is the adding of new permanent support to exist¬ 
ing foundations, either to provide additional capacity or additional 
depth. The use of underpinning goes back to earliest historic 
times and has been ever increasing. The earliest example we know 
of is the ancient Roman temple, Porta Capena, in the environs of 
Rome (shown in Plate 1). An inspection of the illustration will 
show the very serious cracks that developed in the fabric of the 
building centuries ago and how the ancients, by means of masonry 
shores, prevented collapse. There are numerous examples of other 
buildings of olden times which had poor foundations and which, 
if modern underpinning methods had been known, might have 
been saved. These methods, too, would not have impaired the 
beauty of the structure, as was the case with the fine old Porta 
Capena. 

In the Middle Ages, and in fact until recently, the buildings 
most often in trouble were cathedrals. This was because cathedrals 
and churches were, generally speaking, the largest or only large 
structures built during that period. Portions of Ely Cathedral in 
England, dating from 970, have repeatedly fallen. The beautiful 
Cathedral of Winchester, also in England, gave trouble for cen¬ 
turies. It was finally underpinned and its foundation troubles 
cured only forty years ago, under the supervision of Sir Francis 
Fox. The famous St. Paul’s Cathedral in London was recently in 
difficulties, although these were only in part due to its foundations. 
On the Continent, the Leaning Tower of Pisa presents a spectacu¬ 
lar example of an inadequate foundation. The underpinning of 
the Cathedral of Strasbourg was recently completed—and well 
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done, too—by German and French engineers. The Cathedral of 
Beauvais in France, because of repeated failures, has never been 
finished. 


PLATE 1. ANCIENT ROMAN TEMPLE, PORTA CAPENA, IN THE ENVIRONS 
OF ROME 


On this continent, in the earlier part of the nineteenth century, 
the great Washington Monument in Washington, D. C., when 
only partly built, began to settle seriously because of an insuffi¬ 
cient foundation. A long delay ensued because of the lack of funds. 
Finally it was underpinned about sixty-five years ago by means of 
pits filled with masonry, which greatly increased the spread-bearing 
area of its foundation; after this, it was successfully completed. To 
one gazing on this monument today, there is visible the very dis¬ 
tinct line of demarcation, about one-third of the way up, between 
the first part of its construction and the second, a mute and perma¬ 
nent evidence of the foundation and financial troubles encoun¬ 
tered long ago. In Mexico City the beautiful Teatro Nacional, 
now completed has settled over eight feet. It present: i very baf¬ 
fling problem. This structure rests on a reinforced concrete mat 
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eight feet thick which, in itself, weighs more than the building it 
supports. This whole mass rests on a bed of silt and volcanic ash 
nearly 600 feet thick. What feeble foundation resources existed 
were squandered by the weight and bulk of the foundation itself, 
before the superstructure was started. 

The development and improvement in underpinning methods 
have effected civic improvement in some communities because of 
their close connection with many important engineering works. 
For instance, in 1902 it was planned to run the original New York 
subway system, of which William Barclay Parsons was chief en¬ 
gineer, through one of the important downtown streets in the 
financial district, namely, William Street. Because of the formi¬ 
dable underpinning problems presented by this route, the property 
owners and their consulting engineers succeeded in preventing its 
construction. 

Ten years later, in 1912, when New York’s second subway system 
was planned and built, with Alfred Craven as chief engineer, the 
route through William Street was again chosen. Again opposition 
arose because of the problems presented by the underpinning of 
the lofty buildings, but this time the case was victoriously carried 
through the courts by the City of New York, and the work was suc¬ 
cessfully constructed by 1917. Later, in 1927, during the building 
of the city’s third subway system, with Robert Ridgway as chief 
engineer, the contract was let for the construction of a subway in 
a similar and parallel street (Nassau and Broad Streets, Plate 2). 
This time no question as to its feasibility arose, and in 1930 this 
work also was successfully completed. 

UNDERPINNING REQUIRED 

When an excavation goes deeper than adjoining structures, 
underpinning of those structures is usually required. If the exca¬ 
vation is in earth or sand and approaches close to buildings, under¬ 
pinning is always necessary. The presence of water increases not 
only the difficulty but the danger of the work. Often when rock is 
the material being excavated, its uncertain characteristics necessi¬ 
tate underpinning for the proper protection of adjacent structures. 
This is particularly true when the rock is soft, metamorphosed, or 
faulted. 
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Underpinning is most commonly required in excavating for new 
buildings which go deeper than their old neighbors, although the 
construction of sewers, tunnels, and subways gives rise to the neces¬ 
sity of underpinning, sometimes on a very great scale. This is espe¬ 
cially true in cities like New York, Philadelphia, and Boston, where 
the subways run close to the surface, through narrow streets, in 
earth, rock, and quicksand. In other cities the need of underpin¬ 
ning for subways does not arise on such a great scale, because of the 
different subsurface conditions. In London, for instance, there is 
a very deep layer of clay, through which subways are bored at great 
depth, by means of shields. Because of the nature of the ground, 
even near-by buildings are little affected. Moreover, when under¬ 
pinning problems do arise, they are generally of lesser difficulty 
because the structures in London are very small compared with 
those in the American cities mentioned. 

The construction of subways, particularly in New York, has 
done more to develop underpinning than all other causes com¬ 
bined. It is not uncommon there to build subways through the 
worst kind of quicksand, contiguous to 20- and 30-story buildings. 
Sometimes they are built underneath large buildings, which are 
subsequently supported on the subway roof, and under many miles 
of elevated railroad structure. It has been necessary to underpin 
hundreds of such elevated railroad columns, excavate the subway 
trench, build the subway structure and place the columns on its 
roof. Over fifty miles of buildings have been underpinned in New 
York City alone, in connection with this work, at a cost of tens of 
millions of dollars. The knowledge gained during the construction 
of some of the most difficult parts of this great work has been ap¬ 
plied successfully in the general construction field; it constitutes 
a large part of the subject matter of this volume. 

While excavation is the most frequent cause for underpinning, 
there are others. A very common one is an increase of column 
loads over the original design, because of changed requirements; 
as, for example, the addition of more stories or an increase in the 
floor loads for special purposes. 

Again, if the footings are inadequate, a building may settle either 
during or after construction. Very many such cases arise, some¬ 
times on a large scale. Some time ago, settlement difficulties oc- 














PLATE 2 . CROSS SECTION OF NASSAU STREET SUBWAY CONSTRUCTION, NEW 
YORK, 1929 

Looking south from the north end of Nassau Street. Note that the entire street and 
sidewalks are clear for traffic. The old Times Building on the right was underpinned 
with pretest piles. The protection method was used for the Tribune Building on 
the left. 
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curred in a great building of the tower type. It rises three stories, 
is set back another four stories, and then rises to a height of 27 
stories. Very careful investigations at the site had been made by 
competent engineers. The ground was explored by borings, soil 
tests were conducted, and what seemed a safe spread footing design 
was adopted. In spite of these precautions, the need for an exten¬ 
sive underpinning operation arose. The building had been placed 
on spread footings resting on a soft coral rock and was practically 
completed when it started to settle. The exterior went down about 
one inch and the interior four and one-half inches. This differen¬ 
tial settlement did some damage, and, if it had not been arrested, 
would have torn the structure apart. The building was saved by 
being rapidly and safely underpinned. 

Another case of inadequate footings was that of an apartment 
house on Riverside Drive, New York. Here a modern elevator 
apartment was erected on what was apparently firm ground. A few 
feet below the footings there proved to be a layer of peat varying 
in thickness from a few feet to 35 feet. The building settled in 
places as much as 6 or 7 inches and was very seriously damaged. It 
had either to be torn down to prevent collapse, or be underpinned. 
A large financial loss was incurred by the owners before the settling 
was arrested, but the underpinning saved the building and pre¬ 
vented a still greater loss. 

Occasionally buildings start to move because of changes taking 
place in the subsurface conditions after years of stability. Vibrat¬ 
ing machinery may be installed in the neighborhood and may 
cause the ground to become more compact and to settle. In other 
cases the water level may be raised, for instance by the construction 
of dams, and the ground may thus be rendered softer so that build¬ 
ings begin to settle. Again, the necessity of underpinning may 
arise because of the fact that, especially in cities, the ground water 
level is very frequently lowered during the course of years. This 
lowering of the water level comes from various causes, such as the 
nearly 100 per cent run-off of the rainfall from buildings, pave¬ 
ments, sewers, and so on, and the construction of subways and 
buildings which prevents the free circulation of underground 
waters. In such cases this lowering of the water table has often 






General Considerations 


9 

permitted the tops of wooden piles to decay, causing damaging set¬ 
tlements requiring underpinning as a remedy. 

SUBSURFACE EXPLORATION 

Foundation and underpinning work are, of course, largely the 
same thing under different conditions, namely before or after a 
structure is built. Both need careful thought and study; the neces¬ 
sity of accurate knowledge of the subsoil cannot be overstressed, as 
it is the essential preliminary to any intelligent design. It is sad to 
encounter the result of saving a few dollars on borings, test pits, soil 
t*ests, and on some good professional advice. A few hundred dollars 
spent for these purposes frequently save many thousands later on. 

The subsoil conditions (as disclosed in underpinning opera¬ 
tions) which have most frequently caused foundation failure are 
those prevalent in areas of recent deposits, such as filled-in ponds 
and places along the margins of streams and bodies of water where 
there are alluvial deposits. Recent deposits, from a geological point 
of view, are often not consolidated, are frequently saturated with 
water, and sometimes contain layers of peaty or organic material. 
The process of consolidation extends in some cases over thousands 
of years, while the compacting of the soil and the expulsion of the 
surplus water progress. Placing a heavy structure upon such a de¬ 
posit expedites this process, but unfortunately at the expense of the 
building. With a good working knowledge of geology, and the 
proper field work, these dangerous areas are usually recognized so 
that the proper steps can be taken. 

A very useful source of information is old maps, which in the 
case of cities are likely to disclose the courses of old streams, ponds, 
swamps, and the like. The authors have found that the recollec¬ 
tions of the oldest inhabitants are dependably unreliable and that 
they can remember streams where no streams ever existed. New 
York is particularly fortunate in possessing the Viele map, which 
shows all the water courses, swamps, ponds, and filled-in land of 
Manhattan Island. In i860, when New York was afflicted with a 
series of pestilences, a sanitary commission was formed for the 
purpose of advising the city government on remedial measures. 
The commission’s first act was to employ Colonel Viele to make a 
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map to be used in studying the problem from a drainage point of 
view. The result is that we have today this accurate and useful 
fund of information. The map is in constant use by all engineers 
engaged in subsurface work in this city. Similar maps are some¬ 
times available elsewhere. 

Very often information can be obtained by inspection of other 
excavations near by, or from architects, engineers, constructors, 
and owners of neighboring buildings. Even where such informa¬ 
tion is available, it is generally necessary to supplement it with a 
geological survey and careful borings to determine the under¬ 
ground conditions. The usual test boring methods may be em¬ 
ployed, preferably by taking dry samples, undisturbed samples, or 
cores at various depths. It is most important to carry the borings to 
a depth sufficient to establish the presence or absence of rock, hard- 
pan, or other firm material. Borings are often carefully made but 
poorly interpreted; the interpretation is difficult at best, but it 
should be done by a trained engineer or geologist. Overlying ledge 
rock, a disintegrated rotten rock stratum which would be instantly 
detected by a geologist, is often classified as sand or clay by un¬ 
trained inspectors. Frequently a boulder is reported as ledge rock, 
whereas a skilled man might know from its texture that it was 
probably a boulder. Open pits furnish the most reliable evidence, 
but very often they are too expensive to sink; sometimes it is too 
dangerous to sink them; and furthermore they might take too 
much time. In any event, from an underpinning standpoint it is 
most important to know at the location of the work how far down 
a strong firm stratum is, what it is, or, if it be altogether miss¬ 
ing, the ground water level and the nature of the soil through 
which the underpinning must be carried. It is most important to 
know the highest firm stratum below which there are no soft or 
yielding materials such as silt, very soft clay, or peat. 

MOVEMENTS OF BUILDINGS 

A careful examination of any building will disclose a surprising 
number of structural defects, such as cracks. Buildings, of course, 
are built of brittle materials, and the constant movement that from 
various reasons takes place in them causes cracks to appear, particu¬ 
larly in reinforced concrete structures and buildings of the skele- 
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ton steel type. Those built of plain masonry construction are less 
likely to crack, from causes other than actual movements of their 
foundations, on the same extensive scale as those mentioned above. 

The causes of these defects and cracks are manifold. Tall build¬ 
ings are susceptible to movements induced by the wind, and all are 
affected by shocks from explosions, blasts, or other accidents, and 
the large and small earthquakes that are always occurring. For 
instance, the bomb explosion of 1921 in front of the Assay Office in 
Wall Street, New York, caused the wall of a building on Pine Street 
near Broadway, a full two blocks from the explosion, to move 
laterally a quarter of an inch. There happened to be very accurate 
measurements on this building and the amount of movement 
could be ascertained. Earthquakes of various magnitudes are very 
frequent; several have occurred in New York within the last 
twenty years, in fact one in 1930 left decided cracks in the buildings 
in the metropolitan district. The installation of reciprocating ma¬ 
chinery (such as printing presses) either in or near buildings is 
another extensive cause of cracks due to vibration and shock. 

Then again, every building settles its foundation. Differential 
or uneven settlement often induces internal stresses in the struc¬ 
ture that cause cracks. These settlements are often unknown or un¬ 
noticed by builders, engineers, and owners, but frequently amount 
to several inches. For instance, some forty-five years ago the 22- 
story Kuhn-Loeb Building, erected on a spread footing resting on 
fine-grained sand and clay at the corner of William and Pine 
Streets, New York City, settled a minimum of 2i/£ inches in the 
course of construction. This was evidenced by the fact that the 
adjoining 5-story brick building of the Bank of New York was 
dragged down that amount, breaking the lintels of the windows 
down the center so that the northern half was two and a half inches 
lower than the southern half of the same window. Because the 
settlement was uniform, no harm was done to the Kuhn-Loeb 
Building, and the cracks that would otherwise have occurred did 
not appear. 

One of the most fruitful causes of cracks is the alternate expan¬ 
sion and contraction of construction materials because of tempera¬ 
ture changes, especially in climates with wide variations of tem¬ 
perature. In the winter time in a skeleton steel building the 
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interior is artificially heated to 70 degrees, while it may be zero 
temperature on the outside. It is quite evident that when the in¬ 
side expands from the heat and the outside contracts from the cold, 
internal stresses must be induced which result in cracks in the 
masonry shell, plaster walls and ceilings, concrete floors, and so on. 
These temperature cracks also occur from the natural change of 
winter to summer weather, and sometimes even from the change 
of noon to midnight temperatures in the summer time. The differ¬ 
ence in length between 100 feet of steel at zero and at 100 degrees 
F. is about $/ A °f an inch, so it is obvious that movements of some 
magnitude must often occur. This variation in temperature is very 
frequently met with in American cities. Further, very cold weather 
opens up cracks and joints by the freezing of water contained in 
them. 

Cracks are caused in the masonry shell of tall buildings by the 
fact that, as the buildings are being erected, the loads on the steel 
columns become heavier with the progress of the work and as the 
floor loads accumulate. This increase in column loads correspond¬ 
ingly compresses the steel columns, and as they shorten, the ma¬ 
sonry shell that is being built on the lower stories may be crushed 
and cracked. For instance, on the building at 110 William Street, 
the erection was stopped at the second floor for several years. Sub¬ 
sequently 20 more stories were added and during this work great 
alarm was caused by the fact that the limestone veneer around the 
columns at the street level began to show signs of very serious 
crushing. It was assumed, of course, that the building was settling, 
that the foundations were defective, and that the building was in 
danger. But a simple computation disclosed that the 50-foot steel 
columns, being loaded at approximately zero pounds per square 
inch when this masonry was installed, compressed about three 
eighths of an inch during the erection of the addition to the build¬ 
ing when the load was increased to 18,000 pounds per square inch. 
This naturally crushed the edges of the limestone facing and caused 
many cracks. If one examines carefully the marble ashlar masonry 
facades of the New York Stock Exchange, it will be observed that 
nearly every one of the blocks of marble is cracked. This building 
rests on caissons which go several feet into the bed rock, so that 
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little settlement could have occurred. The cracks must be ac¬ 
counted for by one of the several causes referred to above. 

EXAMINATION OF BUILDINGS 

It is a curious fact that people occupy buildings and even own 
them for many years without being aware that defects ever develop. 
But let a construction operation start in the neighborhood and 
they immediately become firmly convinced that the cracks and de¬ 
fects have been caused in the very recent past by the work in prog¬ 
ress. It is therefore always wise to make a careful examination, and 
a written record, of buildings which are to be underpinned in order 
that attention may be directed to existing defects. Such an exami¬ 
nation should be made in an orderly manner, so that in perusing 
the records the description of any particular part of the building 
may be easily found. Such an order might be to head the record 
with the list of the people making the examination, then proceed 
to examine the exterior of the building, this to be followed by an 
examination of the roof and then the interior of the building, each 
floor in succession, going clockwise in the route through the rooms, 
so far as possible. This facilitates the subsequent location of any 
particular description that one may wish to find. A good example 
of the form of such an examination is that employed by the New 
York Board of Transportation in connection with subway construc¬ 
tion, as follows: 

Examination of Building 

Location: 150 Nassau Street, Borough of Manhattan, New York City. 
Description: 16-story granite, brick, and terra-cotta. 

Occupied as: Offices. 

Owner: 150 Nassau Street Corporation. 

Present: (representing owners) John Smith. 

Present: (representing contractors) Henry Goldfinger. 

Examined by: John Jones, Assistant Engineer, per John Bauer, stenog¬ 
rapher for Board of Transportation. 

Date: January 12, 1928. 

Exterior 

Front Wall on Nassau Street: First, second, and third stories, granite; 
fourth to twelfth stories, inclusive, brick; upper stories, terra-cotta. 
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First story: Horizontal mortar joints along top and bottom of granite 
facing stone at south end of north cellar window need repointing. 
Second to fourth story: No remarks. 

Fifth story: Third window south from north corner: lower pane 
cracked. 

Sixth to twelfth story: No remarks. 

Thirteenth story: A few terra-cotta blocks cracked into two pieces. 
Fourteenth story: Fourth window north from south corner: fine crack, 
top of brick panel below sill, two feet from north end, extends ver¬ 
tically downward through middle of one brick, then north along 
mortar joint one inch, then extends vertically downward through 
middle of one brick. A few terra-cotta blocks cracked into two pieces. 
Fifteenth story: A few individual terra-cotta blocks cracked into two 
pieces. 

Sixteenth story: No remarks. 

South building line from sidewalk to top of third story shows a maxi¬ 
mum l-inch vertical filled joint. From this point to roof shows 
i/£-inch open vertical joint. 

(Then examine south wall, west wall, north wall similarly.) 

Roof: Copper covered, in good condition. 

Interior 

Sixteenth floor , northwest room: Painted plastered walls and ceiling. 
North Wall: One-quarter of an inch crack extends from the baseboard 
at the east corner up and diagonally west a distance of 7 feet; it then 
becomes an l^-inch plaster crack running vertically 2 feet and then 
breaks into several fine branches. The wall is generally covered with 
fine hair cracks in all directions. 

East Wall: Large water stain near the ceiling at the north corner; fine 
cracks running generally in all directions, etc., etc. 

In conjunction with the written examination a series of photo¬ 
graphs is a useful complement. Not only general views but detail 
pictures, particularly of defects, are useful. These photographs 
should be carefully and suitably marked and dated, preferably on 
the plates. 

Obviously we cannot expect that because construction work has 
started in a neighborhood all the natural agencies that have been 
creating defects in the buildings in the vicinity for years will sud¬ 
denly cease to function. This fact is not always recognized, how¬ 
ever, by owners, architects, and engineers; so that, while often 
wasted, the effort spent in getting a carefully written examination 
is sometimes very useful. Besides, the examination is always of 
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value to the constructor, who can thus find out what changes are 
taking place in the building during his underpinning operations 
and can more surely safeguard it. 

Some knowledge can be obtained from careful examination and 
study of the cracks in a structure. If they are dirty and soiled, it is 
obvious that they are old, whereas fresh, unsoiled cracks are recent 
ones; extensions show that movements of the building are still in 
progress. It can often be decided whether the cracks are caused by 
lateral or by vertical movement, or perhaps by some other agency. 

Paper “telltales" are frequently used in testing cracks during an 
underpinning operation, to indicate progressive movement. These 
are very unsatisfactory, for sometimes they tear by merely shrink¬ 
ing as they dry out after being pasted on. If they tear as a result of 
the extension of the crack the amount of movement is uncertain, 
because of uncertainty in regard to the shrinkage of the paper. The 
best “telltale" is to draw a straight pencil line across a crack and 
mark on it two perpendicular lines, one on each side of the crack 
and at a fixed distance from it, say two inches. Label the drawing 
and date it, and then any subsequent movement is easily measured 
by measuring with a ruler the distance between the two perpendic¬ 
ular lines at the points where they intersect the first line. And fur¬ 
ther, by looking along the first line it would be apparent whether 
there has been any vertical displacement and how much it is. It is 
also useful to put cuts in the plaster and masonry at the ends of fine 
cracks, so that any extension of them becomes instantly apparent. 

SETTLEMENT 

Settlement nearly always accompanies underpinning work, 
though usually it is of small amount. It varies with the condition 
and type of building, the class of materials upon which it rests, the 
presence or absence of water, the reserve foundation capacity of the 
original footings and, of course, the excellence and care of the 
workmanship and the design of the underpinning. With careful 
work it usually does not exceed \/± to \/% of an inch, and when under 
one inch is not likely to do any damage. Every effort should be 
made during the progress of the work to so conduct the underpin¬ 
ning operations that the settlement of the building shall be uni¬ 
form, for it is the differences in settlement that generally cause 




i6 


General Considerations 


trouble. Frequent levels should be run, in order to know definitely 
when any change is taking place and how much it is. 

Levels are frequently subject to large and small instrumental 
and observational errors, amounting to as much as l/ s or i / 4 of an 
inch, and are hence often misleading. The usual method of keep¬ 
ing level readings is in the form of tables, but it has been found 
expedient to keep them in graphic form as illustrated in Plate 3. 
In these curves the ordinates are actual settlements and the level¬ 
ing errors referred to above can be more easily detected. It will be 
noted from an inspection of the plate that a great deal of informa¬ 
tion can be recorded not only about the amount of settlement, but 
when it occurred, as well as its location and the status of the under¬ 
pinning work at the time. It is a little trouble of course to keep up 
such a progress sheet but on an important operation one is very 
well rewarded for the effort involved by the comprehensive knowl¬ 
edge obtained almost at a glance. 

Settlements in connection with underpinning operations gen¬ 
erally occur not only during the work, but both before and after it. 
An inspection of Plate 3, concerning the Kuhn-Loeb Building, 
shows that the building settled about i / 4 of an inch during the 
operation of merely exposing the foundations so that the under¬ 
pinning could be designed and the underpinning work be made 
accessible in the field. During the work the building settled about 
another \/ 4 of an inch, an extremely small amount, considering the 
difficult conditions. Because the underpinning was carried down 
to a very strong stratum of hardpan the building never moved after 
the underpinning was completed. The excavation of the subway, 
which ran alongside, was made without any damage whatsoever to 
the structure and, so far as the record goes, without any further 
movement of the building. 

In 1929, during the construction of the Nassau Street subway, 
a similar building, the National Bank of Commerce at the north¬ 
west corner of Pine and Nassau Streets, was similarly underpinned. 
This building is a heavy, 20-story structure with column loads 
running from 550 to 800 tons each, resting on a spread footing 
foundation, supported on a fine-grained sand and clay about five 
feet above ground water level. The subway was built immediately 
in front of and alongside this building through the well-known 
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This plate g/ves in graphical form the status of underpinninq, date 
and location of settlements. It will be noted that settlement started 
while cutting out masonry for the new grillage reinforcement. The 
settlement during underpinning work was on/y V 4 inch and there was 
no further movement during the excavation of the adjacent subway cut. The 
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PLATE 3. SETTLEMENT RECORD DURING UNDERPINNING OF KUHN-LOEB 
BUILDING, NEW YORK 

Manhattan quicksand, at a depth of 25 feet below the bottom of 
the spread footings. The underpinning itself was carried to hard- 
pan. Before it was started, during the work of exposing the foun¬ 
dations so as to make them accessible, the building settled about a 
quarter of an inch, and during the underpinning work and the ex- 
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cavation of the subway in front of the building, it settled from i / 2 
to 54 oi an inch in addition. In this work no damage resulted, one 
of the reasons being that the underpinning operations were so 
spaced and conducted that the settlement was gradual and uniform, 
and no internal stresses developed. The underpinning of this 
building presented very great difficulties and the result is as satis¬ 
factory as could be hoped for in the present state of the art. (See 
Plate 95.) 

The nature of the ground has a very considerable effect on the 
amount of settlement that occurs. In 1928, the old Times Building 
at Park Row and Nassau Street was underpinned in connection 
with the construction of the Nassau Street subway. The difficulties 
were similar to those existing at the National Bank of Commerce, 
except that the material, instead of being fine-grained sand and 
clay, was a coarser sand, and the water level was much lower, being 
about 20 feet below the bottom of the spread footings, while the 
subgrade of the subway was only 2 feet deeper than the water. On 
the other hand, hardpan was not within reach, being 160 feet deep 
at this point, so the underpinning was carried to a thin stratum of 
coarser sand and gravel about 10 feet below the subgrade of the 
railroad. In this operation the leveling records show that the build¬ 
ing rose from l/ s to i/£ of an inch during the operation of exposing 
the foundations. Of course, this is unlikely, and probably indicates 
more of the leveling errors previously referred to. During the 
underpinning it settled from i/ s to \/ A of an inch, and after the 
underpinning was completed it apparently rose again (perhaps be¬ 
cause of group testing) about l / 8 of an inch. The net result of all 
the apparent movements in the building was no settlement at all 
during the whole operation or, what is unlikely, a slight rising. Of 
course, this result is perfect, but it is very unusual and unexpected 
in work of this magnitude and difficulty. It is accounted for, not 
only by the care with which the work was done and the method 
used in wedging and group-testing the piles, but also by the excel¬ 
lent quality of the ground through which the work was carried, and 
the reserve foundation capacity of the original footings. (See Plate 
96 .) 

Buildings move laterally as well as vertically. Very often the 
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building itself moves as a whole, perhaps tipping slightly. Some 
20-story steel skeleton buildings have been known to be as much 
as 8 inches out of plumb without being structurally damaged to 
any great extent. With smaller buildings, particularly of brick- 
and-mortar construction, the tipping might be a serious matter. 
For instance, consider a 6-story brick building with the wall of the 
top floor a foot thick; if that building be out of plumb 8 inches, 
and such cases have come to the authors’ attention on several occa¬ 
sions, there is a very great danger that the wall may “jackknife” or 
collapse unless it is properly tied back. 

Very often it occurs that in the walls of old buildings there are 
serious bulges in the masonry where considerable movement has 
taken place. The installation from the roof at a small distance out 
from the wall, and at suitable distances apart, of several long 
plumb-bobs in the form of piano wires with heavy weights at the 
ends immersed in water, gives a simple method of finding out how 
the building is moving with respect to the vertical. By taking read¬ 
ings at the various floors and at various points from time to time, 
any change in the plumbness of the wall is quickly discovered and 
all danger of any instrumental error is eliminated. There have 
been such plumb-bobs 20 stories long. 

LATERAL SUPPORT 

At this point, it might be well to call attention to the fact that 
the success of an underpinning operation is very often inseparably 
connected with the methods used in making the excavation itself 
and with the effectiveness of the lateral bracing installed therewith. 
The bracing of the underpinning and the building against lateral 
movement is of vital importance. A building is usually much more 
damaged if it stretches, say from a length of 100 feet to a length of 
too feet 1 inch, than by a settlement of one inch. Cracks aggregat¬ 
ing one inch must open up somewhere, whereas a building settling 
one inch, if carefully and uniformly settled, is generally not in¬ 
jured; it is simply one inch lower. 

Another very important consideration in connection with the 
bracing against lateral movement is the fact that such movement 
generally places on the underpinning an extremely heavy load, 
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from the earth itself, and often causes unexpected and serious 
settlement. It has been our observation, in a general way, that 
when an earth bank breaks, the horizontal width of the break is 
about one-half its height, as shown on Plate 4, Fig. 1. If lateral 
movement occurs in connection with an underpinning operation, 
such a break is possible in the earth bank behind the underpinning. 
This prism of earth then tends to slide down and out, and may 
overload the underpinning, which is generally designed to carry 
only the structure above, so that we find lateral movement gener¬ 
ally accompanied by settlement. This is shown on Plate 4, Fig. 2. 
Adequate lateral bracing would prevent this from happening and 
would generally help obviate the necessity of underpinning inte¬ 
rior walls or columns. 

REPAIRS 

In case damage has resulted to a building in an underpinning 
operation and repairs are required, it is always best to wait until 
all settlement and lateral movements have ceased and the under¬ 
pinning and excavation work are completed. Very often the mis¬ 
take is made of rushing the repairs; they frequently have to be 
made over again because of further movement, with an accompany¬ 
ing waste of money and a double inconvenience to the occupants 
of the building. Of course, this applies only to such damage as is 
incidental to movements of small amount, and does not apply to 
such emergency structural repairs as may be required to make the 
building safe. 


METHODS 

Underpinning work naturally divides itself into two parts. The 
first or preliminary part is to put the building, and if necessary its 
foundation, in such condition that it is safe to install the under¬ 
pinning—particularly since usually one of the first steps in an 
underpinning operation is to dig under the footings and thus im¬ 
mediately to lessen their existing foundation capacity. This in¬ 
volves the use of shores, needles, and grillages. The second part is 
the installation of the underpinning itself, consisting of piles, 
cylinders, piers, caissons, and so on. 

With the careful methods in use today, buildings are often un- 
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Fig.l-A Ito 1 Slope is commonly assumed as a fracture 
plane in acollapsing earth bank.Our observation is 
That the fracture is generally as shown above.Earth 
has some shearing strength,thoughitissmall. 



Fig.2-If lateral bracing is inadequate,a prism of earth, 
shown cross-hatchea,may start moving.The moving’ 
mass grips the underpinning and thrusts it down and 
out. It will be noted that the curve of fracture shown re¬ 
quires deeper underpinning but for a lesser distance, 
in from tne front of the building than the usually adop¬ 
ted one to one slope would require.lt is the authors 
practice to omit interior underpinning where there 
is adequate bracing or where,because of the nature 
gf the soil, bracing is unnecessary.Itisapparentthat 
if the fracture does not occur, the underpinning gets 
no load from the earth .The arrow shows direction 
of movement. 


PLATE 4. EARTH BANK FRACTURE AND ITS EFFECT 

derpinned with no inconvenience to the occupants. Whole blocks 
of buildings along subway routes have been underpinned without 
being entered and also without working above the level of the 
sidewalk. This means that the tenants are not discommoded, and 
many costly changes in the machinery installed in the basements of 
buildings are avoided. Having the work done entirely below the 
sidewalk level permits the street to be continuously decked over, 
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which is a great boon to the public, the traffic, and the businessmen 
along the route of a subway construction job. In contrast, one has 
only to recollect the conditions in New York, say in 1904, when the 
first subway system was being built. The cut-and-cover method of 
subway construction was not used, and the underpinning opera¬ 
tions in many cases almost entirely prevented access to the build- 


PLATE 5. SIDEWALK AND STREET CONDITIONS DURING SUBWAY CON¬ 
STRUCTION, NEW YORK, 1902 

Note total removal of sidewalk and early methods of shoring and under¬ 
pinning. Compare with Plate 2. 

ings along the route. An example of this is shown on Plate 5. The 
lack of access and the resulting inconvenience to the tenants led to 
a long series of business failures, especially along the section of 
Forty-second Street from Madison Avenue to Broadway, and there 
was a great public outcry. A glance at Plate 6 will show the condi¬ 
tions which obtain today. It can be seen how the Hudson 8c Man¬ 
hattan Railroad and adjacent buildings were underpinned entirely 
from the outside, how the traffic was maintained in the street, and 
how the sidewalk was kept entirely free from obstructions. This 
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indicates the march of progress in forty years in this kind of work. 

In the preliminary work, good judgment and much experience 
are necessary in order to decide what and how much work should 
be done. This work generally consists of the use of needles and 
shores, and the reinforcement of the existing foundations or wall 



PLATE 6. A CROSS SECTION SHOWING METHOD OF UNDERPINNING DURING 
THE CONSTRUCTION OF THE SIXTH AVENUE SUBWAY FROM 8TH TO l8TH 
STREET, NEW YORK 

Adjacent buildings, old elevated structure, and Hudson and Manhattan Railroad 
were supported on pretest cylinders. Steel and timber decking was provided to 
maintain traffic in the street. 

footings by means of “grillages.” These usually consist of steel and 
concrete construction added to and supplementing the existing 
footings. 

The underpinning proper generally consists of pits filled with 
concrete masonry and securely wedged up. Sometimes, because of 
conditions, steel piles are used in the pits and sometimes various 
combinations of piers and piles together. When an excavation is 
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to be made, sheeting which will effectively hold the earth in place 
under the building is very often required in addition to the under¬ 
pinning. 

The various combinations of piers and piles or methods of 
underpinning may be classified as follows: 

1. Pit Underpinning, or Pier Underpinning .—This is shown in 
Plate 7A, Fig. 1. The piers may be so numerous as to form a con¬ 
tinuous wall. Generally this method is used only above water level, 
because of the difficulty of sinking open pits underneath a building 
below ground water level; and usually for smaller buildings, the 
weights of which are not so great as to cause excessive loads on the 
soil. It is essential that the work be thoroughly wedged up against 
the buildings so as to carry the load. 

2. The Protection Method .—As shown on Plate 7A, Fig. 2, in 
this method, the piers are sunk away from the building and act as 
an effective cut-off between the building and the excavation. A pre¬ 
requisite for the use of this method is that the excavation be far 
enough from the building to do no more than endanger it, and not 
near enough actually to affect it. It is very frequently used where 
the work does not extend below the ground water level, though 
also occasionally where it does, and where the soil encountered is 
moderately firm and does not easily run. It is the same as the first 
method except that the piers are not placed under the building. 
They may form a continuous wall of the gravity type, or be a thin 
wall which, by bracing, could form an effective cut-off. Sometimes 
alternate pits only are put in where they can be conveniently 
braced and the space between is carefully sheeted to hold back the 
earth bank. This method, of course, is used exclusively for the 
purpose of protecting a building against some excavation, and not, 
for instance, for the purpose of arresting settlement already in 
progress. 

3. Combination of Piers and Protection .—Shown on Plate 7A, 
Fig- 3 > this method is generally, though not exclusively, used 
above ground water level. It is adopted for the purpose of facili¬ 
tating an excavation to be made at some distance from the build¬ 
ing, when for some reason it may be undesirable to maintain a high 
earth bank immediately along the line of the excavation. This 
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obviously reduces the earth pressures for which lateral bracing in 
the excavation must be provided. 

4. Concrete and Steel Piles .—This method, shown on Plate 
7A, Fig. 4, is used, not only to protect a structure against a near-by 
excavation, but also for the purpose of arresting settlement which 
is taking place or which might occur. It is also used where very 
heavy loads are encountered, or where it is essential for under¬ 
pinning purposes to reach some hard stratum that may be deep 
or difficult to reach by the pier method, or where the presence of 
ground water complicates the situation. The speed and ease of 
installation make this method quickly available for arresting set¬ 
tlement in progress, and for giving a prompt support for structures 
in danger where quicksand or other difficult conditions prevail. 

Because of the greater unit pressure on the soil, it is even more 
important in this type of underpinning than in the pit method that 
the underpinning be thoroughly wedged against the structure to 
be supported by it. The only adequate means for such wedging 
which has yet been devised is the pretest 1 method of wedging, 
described in detail on page 118 and illustrated in Plate 70, page 
121. Concrete-filled, steel-pile underpinning in which this method 
of wedging is employed is one form of pretest underpinning. 

The size of the steel pipes, or cylinders, varies greatly, being 
generally from 10 inches to 24 inches in diameter, and up to 100 
feet in length. Larger cylinders, up to 54 inches in diameter, are 
frequently used, however, and are really caissons. There is no clear 
line of division between piles and caissons, but those large enough 
to be excavated by men working inside them are generally regarded 
as in the caisson class. 

5. Caisson Underpinning is used when water conditions make 
pit underpinning impracticable, and when at the same time boul¬ 
ders, existing piles, or the like must be removed, or when the un¬ 
derpinning must be carried through hardpan to rock, making it 
necessary to put men down inside the cylinders. There is no clear 

1 In this book the word “pretest” is used to indicate that process by which a 
foundation or underpinning element is tested to a predetermined load and then, 
while the test load is still maintained, after settlement has ceased, is wedged against 
the structure before the testing device is removed. This method has been patented 
by Lazarus White. 









A- Grillage or footing of building 
B- Underpinning piers 
C" Subgrade of excavation 
D- Lateral bracing 

Fig.l- Plain Pier Underpinning: The piers 
may or may not make a continuous cut-off 
wall, depending on the loads or other 
requirements. 


A , 


J1 


B;\ i (B (interrupted) 




Plan View *-Sheeting 


Sidewalk level^ 



A- Grillage or footing of building 
B' Cut-off watt. Sometimes continuous 
ana of the gravity type, and sometimes 
of the interrupted or at ferrate pier type 
C-Lateratbracing 

D- Distance between cut-off waff and 
footing of building 
& Subgrade of excavation 
r 'g.2-Protection Method: Generally used 
above ground water level but sometimes 
below. It is essential that distanceTTbe 
such that footing is not affected. 



A~ Grillage or footing of budding 
B- Underpinning piers, which may or may 
not form a continuous wad 
C ~ C ^-off waft Sometimes continuous and 
of the gravity fype and sometimes of 
the interrupted type. 

D- Lcrteraf bracing 
B~ Subgrade of excavation 

Fig.3-Combination of Pier and 
Protection Methods 



A- Grillage or footing budding 
B- Underpinning piers or pits fitted with 
concrete after the installation ofthe 
piles. They maybe numerous enough 
to be continuous or interrupted 
C- M/edging between footing and piles 
D- Steetpipe piles fitted with concrete, 
f- Subgrade ofexcavation 
f- L ate rat bracing 

Fig.4-Concrete and Steel Pipe Piles 


PLATE 7 A. METHODS OF UNDERPINNING 
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demarcation between caisson and steel-pile underpinning, the 
principal difference being that caissons are large enough to be 
excavated by men working inside them. 

In some cases, in order to prevent loss of ground, it is necessary 
to install air locks and sink the caissons under compressed air. The 
compressed-air-caisson method is not often employed in present 
practice, having been largely displaced by steel-pile underpinning. 

6. Pretesting Footings Directly .—This is the artificial settlement 
of footings by jacking, in order to compact the soil underneath 


A 



/l_ ^L _/ " / 


A Co/um to be underpinned 




of underpinning operation only 
C~ Jacking dice orblocking 
D- Hydraulic jacks 
E Wedging under column to take 


Vedgina under column to take 
p settlement of footing durina 


up settlement of footing during 


E~ BH/et or setting plate 
F~ Footing of column 


underpinning operation 
F~ Billet or setting plate 
6- Spread footing 


Fig.6-Combination of Needles and 
underpinning Piles or Piers 


Fig.5-Pretesting Footing Directly 


PLATE 7B. METHODS OF UNDERPINNING 

them so that they will not settle further. This method is used ex¬ 
tensively and successfully for the purpose of arresting settlement. 
It is an excellent method, but is not always available in an emer¬ 
gency, because for heavy column loads there arises the necessity of 
previously installing heavy plate girders or other similar construc¬ 
tion. This method is illustrated on Plate 7B, Fig. 5. 

7- Other Combinations .—Permanent needles carried on under¬ 
pinning piles or piers are used when it is unsafe to dig under a 
footing and when at the same time it is desirable to reach a deeper 
suitable stratum for underpinning support. See Plate 7B, Fig. 6. 
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Grouting or consolidation by means of injection of chemicals into 
the ground beneath footings is also used on occasion in Europe, 
though infrequently in this country. 2 

DESIGN 

As there are so many excellent standard textbooks on the sub¬ 
ject of the design of foundations and the strength of materials, a 
cognate subject, there will be no attempt to give more than a few 
comments on features of design, and those particularly from a 
practical point of view. In Chapter VII will be found a discussion 
of the theory of foundations. 

It may be noted here that the loads on columns and foundations, 
as computed from the architect’s and engineer’s designs, together 
with the allowable floor loads, are generally greatly in excess of 
the actual. In order to give a rough idea of the various column 
and wall loads that are encountered, it might be said that ordinary 
25-foot wide, 6-story brick and stone buildings have column loads 
in the front wall of from 30 to 40 tons, while the side walls carry¬ 
ing floor loads run about 9 tons per lineal foot. A rough method of 
calculating the loads on the front wall is to allow 1 to 114 tons per 
story per lineal foot, which loads may be distributed to the various 
columns in accordance with their distance apart. The tall masonry 
buildings that were built sixty years ago are tremendously heavy, 
some 12-story buildings having column loads as heavy as 1,200 tons, 
of which 80 per cent is actual dead weight. The modern 30-story 
steel skeleton building often has no heavier loads. 

The design of underpinning certainly is not an exact science. 
The capacity of any foundation or underpinning element is gen¬ 
erally governed not by its own strength, but by the strength of the 
underground supporting it. For instance, a steel cylinder 15 inches 
in diameter, with a 34-inch wall, filled with 2500 pounds per 
square inch concrete, driven to rock is allowed under the New 
York City Building Code a load of 127.4 tons, and has an ultimate 
strength of perhaps 400 or 500 tons. But suppose it rests on sand 
that can support only about 30 tons? Then if that particular cylin¬ 
der is forced to support a load heavier than 30 tons, it settles until 

2 C. Riedel, “Chemical Joint Sealing and Soil Solidification,” Engineering News- 
Record, August 14, 1941, p. 222. 
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it compacts the ground or reaches another stratum sufficiently 
strong to withstand the heavier load—and during its settlement the 
building may be ruined. How is one to determine then what load 
is safe to put on a pile, pier, or other underpinning element? By a 
knowledge of what the subsurface materials are, by certain pre¬ 
sumptive bearing capacities, by continuous soil-bearing tests, and 
most of all by practical experience obtained in the field. 

For many years piles have been tested by means of hydraulic 
jacks reacting against the structures being underpinned. It seemed 
quite simple to test a pile to approximately 50 per cent in excess of 
its designed working load until settlement ceased, and to assume 
that the pile could carry its load. If one pile was good for 30 tons, 
four piles would then be able to support 120 tons. But it was sur¬ 
prising to perceive that in underpinning operations very often 4 
times 30 did not equal 120, but only about 90. It was finally dis¬ 
covered that this was because, under some conditions, the material 
supporting the pile group would have a total supporting capacity 
of only 90 tons, and no matter how many piles were used in the 
same area, the carrying capacity could not be increased. This mat¬ 
ter of overloading the soil will be explained in more detail in 
Chapter VII, and will again be referred to under Group Testing 
in Chapter III. Suffice it to remark here that the weakest link of 
the underpinning chain is usually the material that nature supplies 
for the support of the underpinning and over which man has lim¬ 
ited control. 

Bearing these uncertainties in mind, it may be stated that the 


1 94^ New York City Building Code permits of the following pre¬ 
sumptive bearing capacities of soil: 

Tons per 

Class Material 

square foot 

1. Hard sound rock 

60 

2. Medium hard rock 

4 ° 

3. Hardpan overlying rock 

12 

4. Compact gravel and boulder-gravel 

formations; 

very compact sandy gravel 

10 

5. Soft rock 

8 


6. Loose gravel and sandy gravel; compact sand and 

gravelly sand; very compact sand-inorganic silt 
soils 

7. Hard dry consolidated clay 


6 

5 
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8. Loose coarse to medium sand; medium compact 

fine sand 4 

9. Compact sand-clay soils 3 

10. Loose fine sand; medium compact sand-inorganic 

silt soils 2 

11. Firm or stiff clay 1.^ 

12. Loose saturated sand-clay soils; medium soft clay 1 

In the design of steel cylinders for foundation (not underpin¬ 
ning) purposes, the New York City Building Code provides that 
the load on concrete-filled steel shells installed open ended to bear¬ 
ing on rock shall not exceed eighty percent of the load determined 
by a limitation of stresses in the steel and concrete. Computed 
from these requirements, steel cylinders filled with concrete have 
the capacities shown in the table on page 31. The code in other 
paragraphs provides that with load tests, the above presumptive 
capacities may be increased to the full value of the limiting 
stresses, but in no case shall the allowable load exceed two-hundred 
tons a single pile. 

The principle of determining the bearing value of piles by tests, 
a procedure long practiced in underpinning, has now been pro¬ 
vided for in the code for underpinning piles. The code requires 
that “the working load of each permanent underpinning pile shall 
not exceed two-thirds of the total jacking pressure used to obtain 
the required penetration if the load is held constant for ten hours, 
or one-half of the total jacking pressure at final penetration.” The 
type of pile described in these sections of the code is rarely loaded 
for underpinning purposes to more than 70 per cent of the capacity 
as shown in the following table, and to that amount only when it is 
possible to reach a very substantial stratum of material—such as 
bed rock or hardpan—which can support great loads and where 
the superstructure is sufficiently strong to withstand the stresses of 
a suitable overload during the test. 

When a stratum of rock or hardpan is not within reach and the 
steel piles are supported on various mixtures of sand and clay, it is 
customary to load steel piles of less than 16-inch diameter with 
about 30 to 40 tons each. In this case a steel pile with a heavy wall, 
of the thickness of 7/16" or more, is not generally used, for it is 
naturally a waste to use a heavy-shell steel pile that can carry 70 
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Allowable loads (in tons) on Tuba* Steel Cylinders 

New York Building Code, 1948 


With Tests Without Tests 

CONCRETE AT CONCRETE AT 


Diameter 
in Inches 

Wall 
Thickness 
in Inches 

(pounds per square inch) 

(pounds per square inch) 

500 

625 

IOOO 

500 

625 

1000 

10 3/4 

5/16 

66.2 

71.2 

86.3 

53-0 

57-o 

69.1 


3/8 

74.6 

79-5 

94-3 

59-7 

63.6 

75-4 


7/16 

82.9 

87.7 

102.1 

66.3 

70.2 

81.6 


1/2 

91.1 

95-8 

IO9.8 

72.9 

76.6 

87.8 

!2 3/4 

5/ 1 6 

83.8 

91.0 

I 12.7 

67.0 

72.8 

90.1 


3/8 

93-9 

IOI.O 

122.2 

75-i 

80.8 

97-7 


7/16 

io3-9 

110.8 

131.6 

83.1 

88.6 

105.2 


1/2 

1 r 3-7 

120.5 

140.8 

91.0 

96.4 

112.7 

14 

5/'6 

95-8 

104.4 

130.7 

76.5 

835 

104.6 


3/8 

106.7 

115-3 

I4I.2 

85-4 

92.3 

112.9 


7/16 

117-7 

126.2 

I5I-5 

94-2 

100.9 

121.2 


1/2 

128.6 

'36.9 

l6l.8 

102.9 

109.5 

129.4 

15 

5/>6 

105.5 

115.6 

I46.O 

84.4 

92.5 

116.8 


3/8 

1J 7-5 

I2 7-4 

157.3 

94-o 

101.9 

125-9 


7/16 

129-3 

'39' 

168.4 

103.4 

111.2 

134.8 


1/2 

141.0 

150.6 

179-5 

112.8 

120.5 

143.6 

16 

5/16 

n5-7 

'27-3 

162.I 

92.6 

101.9 

129.7 


3/8 

128.5 

140.0 

174.2 

102.8 

in -9 

'39-3 


7/16 

141.2 

I52.4 

186. i 

112.9 

121.9 

148.9 


1/2 

153-8 

164.8 

197-9 

123.0 

131.8 

'58.3 

18 

5/'6 

137-4 

152.3 

196.7 

1095 

121.8 

'57-4 


3/8 

151.8 

166.5 

200.0 

121.5 

133-2 

168.2 


7/16 

166.2 

180.6 

200.0 

i33.o 

144-5 

179.0 


1/2 

180.5 

194.6 

200.0 

144.4 

155-7 

189.8 


* Trade name for Spencer White & Prentis’ steel pipe piles filled with concrete. 


Note: With Tests, carrying capacity based on: Steel at 9,000 lbs. per sq. inch; 
Concrete at the values set forth above in lbs. per sq. inch. 

Without Tests: 80% of the above values. 

tons when only a much lighter load can safely be placed thereon 
because of the ground. It is then usual to use a shell 7/64" thick, 
which is ordinarily strong enough to withstand the stresses incident 
to its installation and which gives a saving in cost. 

In regard to the depth of underpinning, it of course must be 
sufficient to reach material not likely to be disturbed by subsequent 
excavation operations, and to reach a stratum that is strong enough 
in itself to carry the loads which the underpinning will transmit to 
it. In the case of pier underpinning in dry ground, if the excava¬ 
tion is near by it is wise to carry the underpinning at least one foot 
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below the subgrade of the excavation. If steel concrete piles are 
used, when the excavation is less than 5 feet away in wet, soft 
ground, piles are generally driven at least 3 feet below subgrade, 
before testing them. When the distance of the excavation is 
greater, the driving is occasionally stopped at or above subgrade 
before the test is started. Of course, this is assuming that there is 
no special hard stratum that it is desirable to reach with the piles. 

Sometimes cases are encountered where no underpinning within 
reason can be designed to solve the problem of a settling building. 
Such a case is the Teatro Nacional in Mexico City. Here a build¬ 
ing comparable, in size and importance, to the New York Public 
Library at Forty-second Street and Fifth Avenue, has settled eight 
feet or more. The fact that it rests on a heavy reinforced concrete 
mat, supported on a bed of alluvial mud and volcanic ash 600 feet 
thick, has already been referred to. Piers and piles could be of no 
help, for they could reach no firm or strong stratum, and to go 
down 600 feet would be out of the question. Fortunately the build¬ 
ing has settled more or less uniformly as regards level and at a con¬ 
stantly decelerating rate as regards time (see Plate 168). One of 
the solutions proposed was to place it on screw jacks supported 
on the concrete mat. These jacks could be so manipulated as to 
keep the building at its present level while its foundation contin¬ 
ues to settle. It is hoped that, after a few more feet of settlement, it 
may come to substantial rest. 

As has already been mentioned, when the underpinning is in¬ 
stalled to permit an excavation to be made, it is necessary to pro¬ 
vide an effective cut-off, by sheeting or otherwise, in order not to 
disturb those parts of the building not underpinned. Where an 
effective cut-off is provided between the excavation and the earth 
under a building and where required lateral bracing is adequately 
provided, it has been the authors’ experience that it is unnecessary, 
under ordinary circumstances, to underpin interior columns or the 
returns of walls that are contiguous to the side of the building that 
has been underpinned. This is true, even where the excavation has 
been conducted at considerable distances below ground water level, 
especially where there has been sufficient time for its proper drain¬ 
age. This statement applies to mixtures of soil containing various 
amounts of sand. Of course, when unconsolidated alluvial mud is 
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present, it is most difficult to drain, and a different and more diffi¬ 
cult problem is presented. Between a purely sandy soil and an 
alluvial mud there are all gradations of materials and resulting 
difficulties. The authors have had charge of several miles of un¬ 
derpinning in connection with subway work in New York and 
Brooklyn, through all sorts of ground—hard, soft, quicksand, and 
others—including the William Street and the Nassau Street sub¬ 
ways, which were built through the heart of New York’s financial 
center with its lofty buildings. In practically no case have they 
underpinned back of the building wall directly fronting on the 
work. In all this subway work the excavation did not extend more 
than about 25 feet below the bottoms of the footings of the build¬ 
ings, but was immediately adjacent thereto. If the depths had been 
a great deal more than this, say 50 feet, or the material different, 
underpinning of the interior columns might have been necessary. 

As has previously been pointed out, the reason why it is gen¬ 
erally necessary to underpin only the adjacent walls of buildings 
is because if the earth bank is properly protected, no movement, 
or very little, takes place in the interior when the excavation is 
made. Even if the earth bank is permitted to move, the disturbance 
would probably not extend a distance of more than half the depth 
of the cut away from it, unless water, mud, and soft clay affect the 
situation. 

In underpinning, the presence of bedrock within easy reach 
generally simplifies the problem by providing an unyielding sup¬ 
port to the underpinning; but this is not always the case. Where 
the subsequent excavation extends well into rock which is meta¬ 
morphosed and has faults and bedding planes running in such 
directions that rock slides can easily occur, then it is often necessary 
to carry the underpinning piers through the rock itself down to 
subgrade. In several cases where this has not been done, disasters 
have occurred. All gradations of difficulties are found. Sometimes 
a fine hard rock is encountered that grades off into rock which has 
been completely metamorphosed. As with earth excavation, the 
skill and care with which the excavation is made has a very con¬ 
siderable effect on the underpinning required. 

It is good policy, where a large amount of underpinning is to be 
done, to design the work carefully in advance, in accordance with 
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the information available, and to send the plans to the field office. 
These plans represent what it is hoped to do, but the work as done 
is very often modified because unexpected conditions are met. 
Careful record or progress drawings of the work should be kept, 
showing all the important details such as the I-beams, concrete, 
size, location, and especially the depth of all piers and piles, record 
of tests, and so on. Then, should movement in the buildings sub¬ 
sequently develop, it is known exactly what has been done. 







II. Preliminary Support 


P 

I ractical experience in the field is the best guide in judging 
the amount of preliminary work that has to be done in order to 
make a building sufficiently safe and secure to begin underpinning 
operations. No one can ever tell how much work could have been 
safely left out of a successful underpinning operation. From the 
very nature of this kind of work, one can only know when too 
little has been done, for then the buildings are damaged. 

Buildings are always designed with a large factor of safety, and 
consequently can generally stand a great deal of abuse and over¬ 
loading. One has only to recall scenes from some of the bombarded 
cities of Europe during the first and second World Wars to realize 
the amount of damage which buildings can survive. This is gen¬ 
erally because of the arching action that takes place in masonry 
structures, and the great inherent strength of those containing 
steel. This arching action is always a great help, for it permits 
openings for underpinning purposes to be placed somewhat freely. 
The reverse action, so to speak, of this arching, comes into play 
when it is desired to test the carrying capacity of various underpin¬ 
ning elements. An overload test is possible because of the ability of 
a portion of a wall or a column to borrow load or weight from ad¬ 
joining portions by this inverted-arch action when subjected to an 
upward reaction greater than its normal load. 

Preliminary support, when required before underpinning can 
be placed beneath walls and piers, takes the form of shores, needles, 
and grillages, though often in addition it is necessary to make 
masonry repairs, put in tie-rods or take other measures, to make 
the building structurally safe. If there is defective masonry—not 
merely cracks but actual displacements—masonry repairs should 








36 Preliminary Support 

be made. If there are dangerous bulges in walls, tie-rods should be 
put in or cable ties and turnbuckles. This is most often true in 
cases where settlement has already taken place. In the case of small 
isolated footings it is necessary to give some form of additional 
support, because too much of their bearing capacity is otherwise 
disturbed by going underneath them. It is generally possible to 
start underpinning without much risk under long walls, as well as 
under large spread footings where the percentage of area disturbed 
in sinking the first pit is but a small proportion of the total area, 
say 10 or 15 per cent. As will be shown in Chapter VII, in digging 
under a large footing the area first disturbed along the edge is 
much less lightly loaded than the areas deeper in, or under the 
center of, the footing or column. Nevertheless, preliminary sup¬ 
port of great magnitude has frequently to be provided. 

SHORES 

Shores are inclined braces placed against walls or piers of build¬ 
ings. (See Plate 5.) Although formerly much more frequently 
used than at present, they are still effective for light buildings and 
sometimes for heavy ones. They usually consist of long 12" x 12" 
timbers which, unbraced, are very weak as columns and lack lat¬ 
eral stiffness. They rest usually in niches cut for them in the 
masonry and on suitable footings. If desirable, they can be rein¬ 
forced with steel channels or I-beams, as shown on Plate 9, Fig. 3, 
and lateral support can be provided by means of cross bracing and 
tie-rods from shore to shore. Occasionally, shores are made en¬ 
tirely of steel. Formerly, when better methods were unknown, 
they frequently blocked streets and sidewalks and caused great 
inconvenience to tenants and the public. 

In the case of a building burned out by fire, shores may be very 
helpful in preventing the collapse of dangerous walls. They are 
also useful for the support of light buildings during alterations, 
although in this case the use of needles and posts is more usual. In 
a few cases shores may be used to advantage in connection with 
other means to counteract the tendency of a building to move 
laterally, as well as to give a remote support at the beginning of 
underpinning operations. 

Very often when underpinning small buildings five or six stories 
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high, supported on isolated masonry piers, short wooden shores 
may be very effectively used to carry them while the underpinning 
piers are being dug, and they have been very successfully used in 
this manner during subway work in New York City. It was not 
only cheap, but worked out as a more rapid method than when 
grillages were used. The effect, however, of tying the footings to¬ 
gether by means of steel and concrete is lost and the resultant form 



Fig.3. Method of .Wedging Between Foot . Fig. 4 - Head of Shore and 
Blocking and Shore Plate in Niche 


PLATE 8. METHOD OF SUPPORTING 40-TON BRICK COLUMN BY MEANS OF 
WOOD SHORES AND BRACES 

Notice that column is braced in all four directions. 

of construction is perhaps not quite so stable as if grillages had 
been used. Plate 8, Figs. 1 and 2, show the scheme. It should be 
noted, and it is very important because of the danger of jackknifing, 
that each column is made safe against horizontal movement in all 
four directions by bracing or shoring. 

The heads of the shores after being properly shaped are set in 
niches cut in the masonry, or against the flanges of beams or brack¬ 
ets. In cutting the niches, as little masonry as possible should be 
removed, in order that the structure be not unduly weakened. A 
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good method of obtaining a smooth surface to react against is to 
place a steel plate covered with a layer of mortar against the surface 
of masonry, permitting the mortar to set before the load is applied 
(see Plate 8, Fig. 4). Sometimes this plate can be shaped somewhat 
like a horizontal Z, as shown on Plate 9, Fig. 1, in order to give not 
only a smooth bearing, but also a horizontal reaction to prevent 
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PLATE 9. SHORING DETAILS 


the shore from sliding. This is necessary sometimes when shoring 
thin walls. Occasionally the masonry is so weak that it cannot 
transmit to the shore a load suitable for it. In this case larger steel 
plates can be used or short I-beams can be inserted to spread the 
load to the masonry from the shore, or a bracket can be made as 
shown on Plate 9, Fig. 2. A series of mortar joints are cleaned out, 
and several angles, bolted in the proper positions to a vertical 
6" x 12" timber, are inserted in the open joints with the head of 
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the shore resting against another angle iron fastened on the other 
side of the timber, as shown. A device like this can easily be made 
up and, in the course of years, be repeatedly used. It is surprising 
how frequently constructors are confronted with the same situation 
over and over again, especially in large cities. 

The foundation or foot block of a shore is obviously important. 
The footing generally consists of blocking made of 6 " x 12" or 
12" x 12" timbers, reinforced sometimes by means of steel I-beams, 
with a bearing area of a size suitable to the load. Occasionally, 
when very heavy loads have to be supported, reinforced concrete 
or all-steel foot blocks are used. 

T he taking up of the load on a shore is achieved by means of 
wedging, by the use of screw jacks, or by pretesting with hydraulic 
jacks as described elsewhere. For light loads, it is customary to 
wedge up with wooden oak wedges, but for heavier ones it is better 
to use two steel bearing plates with wrought steel wedges in be¬ 
tween them, as shown on Plate 8, Fig. 3. Screw jacks are also very 
convenient for taking up loads on shores and can easily be ob¬ 
tained, rigged up, and operated. They have the advantage of tak¬ 
ing up the compression of the shore itself, and the settlement of its 
footing, more easily than either steel or wooden wedges; in the 
case of light buildings one must be careful not to damage them by 
overjacking and lifting them up. It is better to use steel jacks with 
machine-cut threads than the cheap cast-iron ones that are in com¬ 
mon use. Cast-iron screw jacks usually have a safe capacity of only 
about 15 tons, whereas those of steel are good for working loads of 
50 to 75 tons. Screw jacks of greater capacity than this become 
quite cumbersome. 

There are several methods of rigging jacks. The usual way is to 
bore the foot of the shore with a 3-inch or 4-inch hole so that the 
stem of a screw can extend therein. But this, although easy to 
make, greatly weakens the timber. A much better way, certainly 
when any considerable load is to be carried, is to use a flat steel 
plate bearing against the foot of the shore for the jack to react 
against, and to have the screw stem extend into a short piece of 
10-inch pipe with a ^g-inch wall, which in turn is supported on 
another plate resting on the foot blocking. This permits the use 
of the entire cross section of the timber for the reaction of the 
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jack. This is shown on Plate 10 and illustrates three short shores 
carrying about 50 tons each. Another method is shown on Plate 
11. In this case a short piece of 12" x 12" timber, about 3 feet long, 
is bored w'ith a 4-inch hole for the stem of the screw jack. This 


PLATE IO. STEEL SCREW 
JACKS AND SHORES 

Fifty-ton steel screw jacks 
combined with steel pipe (10- 
inch diameter, y 8 ” wall) and 
timbers to make shores. The 
full cross section of the tim¬ 
ber is available to carry load. 


piece of blocking is flanked by two 14-inch steel channels about 5 
feet long which are bolted fast to it. A shore of suitable length is 
cut and inserted between the projecting ends of the channels. This 
heel, once made up, can be used repeatedly by changing the length 
of the shore. 

An excellent shore is one equipped with a hydraulic screw jack 
(See Plate 12). By means of this jack the exact load that the shore 
is carrying can be determined at all times by the hydraulic gauge 
pressure. Yet the hydraulic pump and piping may be removed for 
use elsewhere while the jack screw collar still carries the load. 
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Occasionally, it is possible to support a building permanently 
on shores by driving inclined concrete steel piles at a steep angle 
down to rock or some other strong stratum, then testing and wedg¬ 
ing them when finished by means of I-beams and wrought-steel 
wedges by methods which will be described in Chapter III. Such 
an installation is shown on Plate 13. These piles carry about 80 


PLATE 11. STEEL SCREW JACK 
AND SHORE 

A: 12" x 12" timber. B: Steel chan¬ 
nels (and jack retainers) perma¬ 
nently bolted to lower timber to 
form a unit which can be combined 
with an upper timber of any desired 
length. C: Short 12" x 12" timber 
bored out to receive screw of jack. 
D: 50-ton steel screw jack. 

The shore consists of two pieces of 
timber, reinforced by steel channels 
which are permanently bolted to 
the lower piece and clamped to the 
upper. Safe capacity about 50 tons. 


tons each and were driven to rock. They were used to protect a 
20-story building resting on a spread footing which was supported 
by a water-bearing mixture of fine-grained sand and clay about 20 
feet from rock. It was feared that when the excavation was made, 
extending down to but not below the footings, the ground might 
squeeze and permit a settlement. This scheme worked perfectly 
and was much cheaper than the originally proposed underpinning 
which it supplanted. 

Another inexpensive scheme may be used when piles are to be 
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driven adjacent to an existing building and it is feared that the 
vibration from the pile driving may settle the building. In this 
case a few piles are driven at locations where it is determined that 
shores shall be placed. The shores are then installed so as to make 
the piles take the load. (See Plate 14.) 


PLATE 12 . TIMBER SHORE WITH HYDRAULIC SCREW JACK 

A: Cylinder of hydraulic screw jack. B: Safety collar. C: Hydraulic pump. D: Hy¬ 
draulic gauge. E: 12" x 12" timber shore. 

NEEDLES 

The second method of preliminary support is the use of needles. 
These are usually long horizontal beams carrying walls or columns 
and supported at their ends on suitable footings. The load is 
generally transmitted to them by the use of wedges, but screw jacks 
may be used. They are most useful for light loads, as tremendous 
beams with extremely large bending resistance are required for 















PLATE 13. INCLINED PILES AS SHORES 

Inclined steel piles used as shores can sometimes be substituted for underpinning. In this 
case, the cylinders were driven to rock and were pretested to 150 tons each. 
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heavy loads. The size of the needles increases very rapidly with 
the span, so that they become almost prohibitive for heavy loads 
and long spans. On occasion the authors have had to install 6- or 
7-foot plate girders. They were expensive and cost about $500 per 
ton, because the constructor is almost always at a serious disadvan¬ 
tage in handling heavy girders under an existing building. The 


PLATE 14. I-BEAM SHORES ON PIPE PILES 

Piles are cut off below ground level for lateral support against horizontal component 
of shore’s thrust. 

cost of the same steel in the open, erected with derricks, would be 
about $150 per ton. For safety and economy it is best, if possible, 
to do underpinning work by means of steel members in compres¬ 
sion. 

Many ingenious methods of needling have been developed, but 
the most common is the use of simple beams with suitable foot 
blocking for support and wedging for loading, as shown on Plate 
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15. This works well with light loads and on dry ground where 
the foot blocking is secure against movement during the installa¬ 
tion of the underpinning. If much movement of the supports of 

FIG. I 
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Simple needling method to support column during 
underpinning operations , wood fillers are placed 
between bnck and I beams to prevent cracking of ma¬ 
sonry when beam deflects. Turnbuck/es are used 
to tie beams together to prevent jack-knifing . 
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PLATE 15. SIMPLE NEEDLING METHODS 


the needles is feared, for instance where soft, fine-grained, water¬ 
bearing ground is being worked in, screw jacks are often used. 
A needling system for a 12-story building under these conditions 
is shown on Plate 16. An inspection of this plate will disclose that 
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not only has provision been made for taking care of settlement by 
means of the jacks, but also that jackknifing is carefully guarded 
against. 

Sometimes a combination of shores and needles is used, the 
shore taking most of the load and the needle supporting the 
masonry below the head of the shore. When an underpinning pit 
is opened underneath a wall so supported, the needle would sup¬ 
port, so to speak, the masonry below the soffit of the arch that 
would naturally be formed by the wall spanning the pit. (See 
Plate 17.) 

Needles may be either wooden or steel beams, or composites 


Needling where large bearing area is necessary 
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PLATE l6. NEEDLES COMBINED WITH SCREW JACKS 

either of wood and steel, or steel and concrete, as shown on Plate 
l 5 > Figs. 3 and 4. Knowing the loads to be carried, one can easily 
figure out the size of beams required. With heavy loads this might 
necessitate the use of beams of a size too cumbersome to handle 
in the restricted space usually available for underpinning work. 
Under these circumstances, composite needles are very useful, espe¬ 
cially those made of I-beams suitably tied together with bolts or 
tie-rods, and the spaces between the flanges filled with either con¬ 
crete or mortar. These members can be installed one by one; the 
resultant needle is broad, low, and very stable against overturning 
and is very easily dismantled. This type can often be used to ad¬ 
vantage instead of getting special plate girders. In all needling 
operations, regardless of the system used, jackknifing and insta- 
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bility have to be guarded against, especially when using I-beams. 
It is much better, for this reason, to use H-beams, which are now 
in common use. For safety, needles should be securely tied to¬ 
gether with turnbuckles, bolts, or tie-rods, and separated by means 
of spreaders. 
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PLA1E 17. COMBINATION SHORE AND CANTILEVER NEEDLE 
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Needles are usually placed in niches cut in walls or in masonry 
columns to be carried. As they carry their load by bending, instead 
of by direct compression, excessive stresses are often induced on 
the edges of the masonry, causing it to break. To prevent this a 
thin wooden filler can be placed between the masonry and the 
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needle in order to provide uniform bearing and, by crushing, to 
take up the slight bending of the needle. In the case of masonry 
columns, needles are usually placed in the niches cut one by one 
for them, and wedged or grouted up, before the niche is enlarged 
or the next niche is started. Sometimes it is necessary to cast 


PLATE 18. PLATE GIRDER NEEDLES 

A: Steel column. B: Plate girder needles. C: Jacks tor testing piles placed here. 
IT Column footing. E: Plates and wedges. F: I-beam pile caps. G: Underpinning 

Plate girder needles carrying steel columns of a 28-story building. In this case it 
was unsafe to dig under the original footings to underpin them directly. 

brackets of reinforced concrete around columns too weak to per¬ 
mit the cutting away of any of the masonry to form a niche. In the 
case of columns made of brick, one can resort to brackets made of 
the angles and timbers, as shown on Plate 9, Fig. 2, and tied to¬ 
gether in place with tie-rods or bolts. 
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Steel and cast-iron columns present a different problem and 
brackets of some sort invariably have to be used. With steel col¬ 


umns it is usually a simple matter, because they are frequently 
made up of various steel shapes and plates. Holes can be bored 



PLATE 19. NEEDLING A CAST-IRON COLUMN 


A: Grout hole. B: Column collar. C: Steel column clamps. D: Steel plates. 
E. Steel pin. F: Needle beams. G: Hydraulic rams placed between beams so as 
to deflect the needles. H: Steel cable. I: Wood mat for spreading load over 
greater area. J: Column footing. K: Steel I-beam blocking. 

Cast-iron column clamp and needles in 6-story Abraham and Straus store in 
Brooklyn, New York. Column carried about 100 tons. The hole in the top of 
the column was used for filling the column with grout. Load was put on needles 
by putting hydraulic jack between needle beams, jacking up, and then placing 
steel shim plates between beams and blocking, before column was undermined. 
This permitted a practical test of the strength of the setup before the column was 
endangered. 

in them or rivets can be cut out and brackets fastened to the 
column through the old rivet holes. An example of extremely 
heavy needling involving steel columns and steel plate girders is 
shown on Plate 18. Modern electric arc welding is a very eco¬ 
nomical and handy method of fastening brackets and needles to 
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steel columns without the need of drilling holes and the use of 
bolts. For cast-iron columns the best method is a combination of 
clamps and pins. Holes can be bored completely through the col¬ 
umn and solid steel pins inserted therein, as shown on Plates 19 
and 20. Clamps are then bolted around the column under the 
pins and drawn up tight. Everything is then wedged and shimmed 
up so as to act as a unit. Sometimes, to insure its acting as a unit, 
the whole bracket is encased in a concrete rich in mortar and 
cement. As cast iron is a very unreliable building material, and 
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PLATE 20 . CROSS SECTION THROUGH NEEDLING OF CAST-IRON COLUMN (SEE 

PLATE 19) 

furthermore as the columns are invariably hollow, it is wise to fill 
them with grout. This not only strengthens the pins but also 
secures the column against a possible collapse from the compres¬ 
sion induced by the steel clamps, combined with the stresses upon 
the column from its load. 

When hydraulic screw jacks are available, using them will elimi¬ 
nate the need for wedging beams in the prestressing of the needle 
beams (see Plate 21). The use of needles is often inconvenient as 
well as expensive, not only because of their size, but also because 
they occupy so much space both inside and outside a building and 
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often necessitate the expensive removal of complicated machinery. 
Another consideration in connection with the use of needles is that 
generally 100 per cent reliance must be placed on their strength, 
and should they fail a disaster would follow. It is customary to dig 
entirely under the columns or walls which they are supporting, and 
any accident would certainly be serious. Therefore every precau¬ 
tion should be taken to prevent jackknifing and to make the 


PLATE 21 . HYDRAULIC SCREW JACKS PRESTRESS NEEDLE BEAMS 

footings at the end of the needles safe. For heavy loads this is 
sometimes difficult and expensive to achieve, soft, yielding, water¬ 
bearing ground greatly increasing the hazard, difficulty, and ex 
pense. An inspection of Plate 18 will show where, under these 
conditions, 15" steel tubes had to be driven in order to provide a 
suitable support. 

Plate 23 shows how in a light one-story manufacturing plant, 
cantilevered needles supported on wooden sills were welded to 
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pipe columns carrying a dead load of 20 tons; this permitted a new 
basement to be installed. 1 The excavation of a stiff mixture of 
sand, clay, and shale was very cheaply made by a one-cubic-yard 
gasoline shovel assisted by a bulldozer. 

GRILLAGES 


The disadvantages of needling and shoring buildings have been 
apparent for many years. Another and more widely used method 



PLATE 22 . CLAMP FOR CAST-IRON COLUMN 


of preliminary support is the grillage method. The word grillage, 
in foundation practice, means that type of foundation which is 
composed of one or more layers of parallel steel I-beams (alternate 
layers being at right angles to each other), suitably spaced, tied 
together and surrounded by concrete. In underpinning parlance, 
it means the supplementing and strengthening of existing footings 
and foundations by means of steel and concrete, either by the use 
of I-beams, or reinforced concrete. With the use of grillages which 
generally not only strengthen the old foundations from the con- 


1 Construction Methods, August, 1943. 
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struction standpoint, but very greatly increase their bearing area, 
the danger of serious collapse has almost disappeared. Further¬ 
more, the bracing which must very often be put in to prevent 
lateral movement of the building during the subsequent excava¬ 
tion is greatly simplified. Grillages tie several footings together so 
that one brace may serve to hold several columns in position, 
whereas without a grillage, several braces might be required. The 


PLATE 23. CANTILEVERED NEEDLES SUPPORT PIPE COLUMNS CARRYING A 
DEAD LOAD OF 20 TONS 


use of grillages, moreover, permits great flexibility in the order of 
installing underpinning elements. 

In installing grillages, common sense, experience, and ingenuity 
are necessary because every kind of condition and construction 
must be met and advantage must be taken of all possibilities. The 
first step, of course, is fully to expose the existing footings so that 
they can be reinforced and brought up to the standard of a prop¬ 
erly designed footing. It is surprising how very often the exposure 
of spread footings of old buildings discloses defects. This state- 
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ment applies to all sorts of buildings, both of old and modern con¬ 
struction. It is a very frequent occurrence to find all the corners 
of spread footings broken completely off by the settlement that 
took place when the buildings were built. Such a condition was 
uncovered in the construction of the Nassau Street subway in New 
York under the Mutual Life Building. This was a very old heavy 
structure (the underpinning of which will be described in Chapter 
IV), resting on a concrete mat about three feet thick. Every corner 
of the footing disclosed was broken off, generally in the shape of a 
right triangle with sides about six feet long. Very frequently there 
have been found, even in the modern type of construction, very 
defective grillage footings which were either poorly installed, or 
which deteriorated after being constructed. 

An important instance of this was found under the Kuhn-Loeb 
Building, a 22-story structure on the corner of William and Pine 
Streets, New York, which was underpinned in 1917. This building 
rested on typical grillage footings as shown on Plate 27. On strip¬ 
ping away the concrete, it was discovered to be very porous, and 
all the grillage beams were badly corroded and rusted. Large 
botryoidal flakes of rust, perhaps 18" by 24" in size and ^4 °f an 
inch thick, fell off to the touch; the webs of the I-beams had been 
reduced from an original thickness of of an inch to about 3/16 
of an inch at the ends of the beams. On investigation, it was found 
that the boiler room had been directly over these footings and that 
for years, as the ashes were taken out of the ash pit of the boilers 
they had been quenched by pouring cold water on them. It was 
presumed that the hot circulating waters resulting from this, con¬ 
taining various mineral salts from the ashes, and possibly also sul¬ 
phuric acid, had aided the deterioration of these beams and per¬ 
haps had destroyed the quality of the concrete surrounding them. 
It was fortunate for the owners of this building that a subway was 
built in front of it and that these conditions were disclosed and 
remedied. Otherwise they certainly would have found themselves, 
sooner or later, in serious trouble. 

Four- or five-story brick buildings are most commonly encoun¬ 
tered in cities where underpinning is required. They generally 
consist of side bearing walls and individual columns carrying loads 
of 30 or 40 tons on the front and rear. It was customary, when they 
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were built, to place at the location of building columns, a footing 
stone perhaps four or five feet square and one or two feet thick, and 
construct thereon the masonry piers. When this type of building 
is encountered a very simple grillage can be made by trimming 
off the footing stones and letting them rest in between flanges of 
parallel I-beams, tying the beams together, and subsequently con¬ 
creting them in. A similar result can be obtained by cutting niches 
in the brickwork for the grillage beams, where it is possible to put 
them in so that they will not project above the cellar floor, because 
it is generally required to keep below that level with permanent 
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PLATE 24. TYPES OF UNDERPINNING GRILLAGES 


construction. However, care should always be taken not to remove 
so much of the old footings as to cause any substantial settlement 
of the building or to endanger it. If an extensive amount of an 
existing footing has to be removed, it is best then to install the 
grillage in small stretches at a time. 

It is most important to cleanse and wash off thoroughly all the 
old masonry in order that the concrete when poured for the gril¬ 
lages will come in contact only with clean surfaces so that it will 
cling to, grip, and hold the old footings and columns in position. 
It is always wise to use a concrete mixture rich in mortar for gril¬ 
lages and to cut down on the amount and size of the stone. A good 
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proportion is 1:114:3 concrete with perhaps i^-inch stone. To in¬ 
sure a good job, the concrete should be poured in a very liquid 
state so that it will run into all the small corners and crannies that 
must be filled. If possible a positive grip should be secured on the 
footings and columns by means of niches and beams, or by dowels. 



PLATE 25* LATTICED GIRDERS USED FOR GRILLAGE PURPOSES, BEFORE 


CONCRETING 

Latticed girders are useful when space is too small to place long beams. They 
were developed about 1910 by J. C. Meem of the American Society of Civil Engi¬ 
neers. They were made up of four angle irons about 12 feet long, all alike and 
all punched in advance, with identic diagonals also prefabricated. The girder was 
assembled in place, staggering the joints of the four angle irons. These latticed 
prefabricated steel girders were extensively used by subway contractors thirty 
years ago; most interesting is that they contained the germ of the idea of the fa¬ 
mous prefabricated “Bailey Bridges” so successfully used bv the British in World 
War II. 

so as not to rely entirely on the bond of the new masonry. Various 
types of grillages are shown on Plates 24, 25, 26 and 27. Generally, 
when I-beams are used, holes are burned in the webs. This slightly 
decreases their strength but permits better placing of the concrete 
in between the beams and the old footings about which the grillage 
is being placed. It will be noted, in Plates 24 and 25, that tourni¬ 
quets of steel cable or turnbuckles with steel straps are used to tie 
the I-beams firmly together so that they will not tend to separate 
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under the stresses incidental to the underpinning which is to be 
placed beneath them. Frequently, when the location of the under¬ 
pinning pits is definitely known, small pipes are placed through 
the grillage from top to bottom over the pits, so that when the un¬ 
derpinning pit is concreted, a tight seal may easily be made by 
grouting through these pipes. In Plate 24, Figure 3, is shown a 
method that makes for great flexibility and security when needling 
is required, as in moving buildings. The tie-rods are tightened 
after the grout has hardened. A test on a 4-foot section of 20-inch 
I-beams with 2^ inch round tie-rods showed the vertical shear be- 
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PLATE 26. METHOD OF REINFORCING STEEL GRILLAGE FOUNDATIONS 


tween the grout and the rubble to be at least 125 p.s.i. with no 
signs of failure. 

In some cases, if the space available is restricted, because it is 
impracticable or impossible to work below a basement floor level, 
latticed girders can be used in lieu of I-beams for making grillages. 
Under these circumstances they are extremely useful because they 
can be brought piecemeal into very small spaces and spliced to¬ 
gether; but the principle is the same as with the I-beams. Such a 
latticed girder is shown on Plate 25. 

Sometimes a building rests on a continuous wall which, in the 
case of an old building, may be in a very rickety condition. Such 
an instance was encountered when the Bank of New York at Wil¬ 
liam and Wall Streets was underpinned. The wall consisted of 
loose rubble masonry with practically no mortar in the joints. The 
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very defects of the wall proved to be a virtue. The earth was re¬ 
moved from the outside, the joints were all carefully cleaned by 
picking out the old mortar and dirt, the wall was washed down 
very thoroughly with water and scrubbed. Then dowels were in¬ 
serted in the joints between the rubble stones and longitudinal 
reinforcing rods were placed. Finally, a form was built about 12 
inches from the wall and a rich liquid concrete was poured. This 
grillage strengthened the wall enormously and permitted the un¬ 
derpinning work to be done easily. (See Plate 24, Figs. 1 and 2.) 



PLATE 27. GRILLAGE FOR UNDERPINNING A 22 -STORY BUILDING, BEFORE 
CONCRETING 


In another case, in connection with the underpinning of a 100- 
year-old building, the rubble masonry of the foundation wall was 
found to be so loose and poorly constructed as to require its com¬ 
plete removal in 5- and 6-foot sections; each section was then re¬ 
stored by concreting, using high-early strength cement to save time. 
The new concrete wall then provided an excellent reaction for 
jacking down the piles. 

When the standard grillage type of foundations is encountered, 
it is generally a simple thing to make the isolated footings continu¬ 
ous. The concrete is generally stripped away from the I-beams 
and partly from between them. Subsequently, I-beams for the new 
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grillage are inserted in the spaces between the webs of the original 
I-beams, reinforcing rods are sometimes added, and the whole mass 
concreted in. Such grillages are shown on Plates 26 and 27, and are 
given to show some of the expedients resorted to. In the case of 
Plate 27, the principal reliance was on the I-beams and the rein¬ 
forcing rods between the flanges of parallel beams. The dowels 
which are seen were drilled about 18 inches into the concrete and 
grouted in, but their value was doubtful. 



Elevation 
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PLATE 28. CROSSED I-BEAM GRILLAGE 


Another type of foundation reinforcement is shown on Plate 28. 
Here, large brick pyramidal column bases, resting on two-foot con¬ 
crete slabs, were strengthened by putting crisscross I-beams in 
niches cut for them and then securely concreting them in. This 
form of construction was carried out between each set of piers and, 
when the underpinning pits were dug underneath the columns, 
arch action prevented any movement in the columns. 

In any event, whatever design is adopted, the grillage must be 
strong enough to permit the underpinning to be placed under¬ 
neath the columns or to permit the columns to be carried by the 
grillage by spanning from support to support of the underpinning; 
it must, as well, provide a tie sufficiently strong to prevent, with the 
aid of bracing, any lateral movement. 











































III. Underpinning Methods 


There are three very important practical considerations in the 
installation of underpinning. 

1. Avoid loss of ground. Loss of ground means the formation 
of voids outside the sheeted line of the underpinning work, or the 
running of any soil from the outside into the volume that is being 
excavated for underpinning purposes, whether pits, piles, cylin¬ 
ders, or caissons. The effect of loss of ground is cumulative, as 
numerous small losses amount in the aggregate to large ones which 
may cause damage to parts of a building that might otherwise be 
unaffected. 

2. Wedge up and test the underpinning to bring the load to it, 
or nature zvill do this work through settlement. 

3. By adequate lateral bracing prevent lateral movement. (This 
third point has already been referred to in Chapter I.) 

UNDERPINNING PIERS 

Because of lack of headroom, vertically driven sheeting, either 
wooden tongue-and-grooved or interlocking steel, is seldom used 
for sinking the upper portions of pits for underpinning piers. If 
the pit is being sunk under a small column which has been needled 
and is 100 per cent carried, there is room sometimes for vertical 
sheeting, but generally its use is impractical except for extending 
the depth of a pit which already has been sunk by other means so 
as to provide the necessary headroom. Vertical sheeting has now 
been almost entirely supplanted for work above ground water 
level by the horizontal well curbing or horizontal sheeting method, 
introduced by Mr. J. C. Meem. This is a great improvement over 
vertical sheeting, for the pits can be made to the neat size of ma- 
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sonry required, without allowance for wales and braces which, with 
this method, are unnecessary for small pits but which are always 
necessary with vertical sheeting. In addition, better work can be 
done with respect to the loss of ground, as compared with vertical 
sheeting. 

By the use of horizontal sheeting, pits up to about 12 feet square 
can be sunk. Underpinning pits are usually only about 4 or 5 feet 
square. They can be sunk to almost any depth in sand and clay, 
using sheeting only 2 inches thick for the smaller-sized pits. Gener¬ 
ally at water level other methods for sinking have to be resorted to, 
because then the ground is usually unable to stand unsupported 
sufficiently long for the horizontal sheeting to be placed in posi¬ 
tion. For small pits, 4 or 5 feet square, the most convenient size 
of plank to use is 2" x 8". As the work must be done with consider¬ 
able nicety so as not to lose ground, it is advisable to use planks 
finished to a uniform thickness, planed on one side at least. In a 
pit 4 feet square, a skilled gang of two or three men will sink 6 or 
8 feet per 8-hour shift. In sandy ground, clear of boulders, as much 
as 15 feet have been sunk per shift. 

Unsheeted earth banks below footings should not be left over¬ 
night because of the danger of cave-ins. Furthermore, an un¬ 
sheeted bank might cause trouble from erosion by an unexpected 
flood of water, which might arise from a heavy rain, a broken water 
main, or the flooding of basements by firemen. 

In the horizontal sheeting method, an approach pit is dug to a 
suitable depth, as little a distance as is convenient below the ad¬ 
jacent footing; then, starting at the bottom, the planks are placed 
in sets, one above the other, and the earth carefully repacked back 
of each of them. When the approach pit has been dug, sheeted, 
and suitably braced, the pit is extended underneath the footing of 
the structure. After this has been dug to the depth of the approach 
pit, it in turn is carefully sheeted with horizontal sheeting, and, as 
before, the earth is repacked tightly and securely behind each set 
to avoid the loss of any ground. The pit is then sunk in the usual 
manner. 

Plate 29 shows the successive steps in sinking such a box-sheeted 
pit. After the upper portion is sheeted, enough earth is dug out to 
place just one plank at a time, which is then placed in position, the 
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earth having been firmly repacked behind it and the plank ham¬ 
mered into place so as to keep the earth tight. It is kept in position 
by means of a foot block and wedge, until the timber set of which 
it is a part is completed. The corners are toenailed in, and gener- 





PLATE 29. SINKING UNDERPINNING PIT BY THE HORIZONTAL SHEETING, OR 
BOX SHEETING, METHOD 

ally wooden cleats of 2" x 4" are nailed in the four corners to pre¬ 
vent any sliding of the headers and spreaders, although, in addi¬ 
tion, the precaution is usually taken of having the alternate timber 
sets with the headers and the spreaders on different sides to help 
minimize this danger. As this method can be used only in dry 
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ground, there is generally no danger of leaving voids behind the 
pit boards, unless the work has been carelessly done. 

Very fine, dry sand is often the hardest to deal with, because it 
runs freely when the attempt is made to dig down to place the next 
pit board in position. This condition can be remedied by thor¬ 
oughly wetting the sand to make it more cohesive. Another aid 
where ground is easily lost is to use “louvred” boards, that is, sheet¬ 
ing with spaces left between the sets so that the lost ground can be 
repacked. The simplest form of louvre has merely short spacers 
of wood between the sets, as shown on Plate 30, Fig. 3, and on Plate 
31. An ingenious and useful form of louvre is shown on Plate 30, 
Fig. 4. 1 As has been stated, the hardest ground to dig through is 
dry running sand, and even when it has been wet down the sand 
may collapse while digging for the next pit board. Under these 
conditions the width of the plank may be reduced from eight 
inches to six or four inches. Another expedient is the use of nails 
and salt hay. Six-inch nails can be driven in the backs of the planks 
to support the hay, which serves somewhat as a shelf to prevent the 
sand from running while the next set is being placed. The louvres 
permit all sand which is lost to be repacked. This is shown in Fig. 
5 of Plate 30. 

In the last decade there has been considerable discussion among 
engineers as to the possibility that decay of the wood sheeting may 
create a void space, with subsequent loss of ground and settlement 
of structures. This has led in some cases to specifications requir¬ 
ing the use of some more durable material for pit boards and 
inter-pile sheeting; see Plates 76 (Fig. 1), 77 and 149. Materials 
commonly used in these cases have been light precast reinforced 
concrete slabs, lightweight rolled structural steel channels, and 
formed channels of sheet steel, all of which are more costly than 
wood. In the opinion of the authors this requirement results in 
needless expense. In their whole experience, no single instance of 
settlement of a structure or even of loss of ground has ever been 
brought to their attention in which decay of wood sheeting might 
have been a cause. On the contrary, there are many cases where 
later excavations have exposed wooden sheeting that had been in 

1 Patented by J. B. Goldsborough. 





6 4 


Underpinning Methods 


damp ground for many years. While it is true that this sheeting 
was often rotten, enough substance always remained to prevent any 
perceptible movement of the ground into the space originally oc¬ 
cupied by sound wood. 



Fig. 1. Showing how pit boards are 
set. 



Next set of boards reversed 


Fig. 2. Plan of Fig. l. 





Fig. 3. Louvres. Type with cleats 
between 

Salt haypjfb oarc / 

Sanct^f^ 

6"Nails'^:' jT"L ouvre 
opening 

Fig. 5. Nails and hay used used to 
prevent runs in pits. The hay, held 
in position by the nails, acts some¬ 
what as a shelf to hold material 
packed on it through the louvres, 
and prevents run. Any lost ground 
can be repacked through the lou¬ 
vres. 



Fig. 4. Louvres. Type with notches 
cut in board. 



Fig. 5. Louvres. Type with trian¬ 
gular strips nailed to board. 


PLATE 30. HORIZONTAL SHEETING, OR BOX SHEETING, OF UNDERPINNING PIT 
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Generally in sinking pits for moderate depths, say up to 10 or 15 
feet, the earth is shoveled by one man in the bottom to others on 
scaffolds. When the pits are to be sunk to greater depths, winches 
and buckets for hoisting the muck are used; when the pits reach 


PLATE 31. PITS WITH LOUVRES BETWEEN BOARDS 

Subsequent general excavation has here exposed the outside of the pit boards 
to view. 

a depth of 30 feet or more, these are almost indispensable. A good 
hoisting rig for this purpose has been developed, in Chicago and 
Detroit, to sink through clay to a depth of 100 to 120 feet. It 
consists of a light, portable two-horse-power “niggerhead” winch, 
either gasoline or electric driven, a well wheel, and a light bucket 
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about 20 inches in diameter and 30 inches high, with a capacity of 
about 5 cubic feet. This is shown on Plate 32. A non-twisting 
hemp rope should be used and the bucket well fastened to the 
rope, or attached with a safety hook. Where more than one bucket 
is necessary, safety hooks are used (a good design of these is shown 
on Plate 33). The minimum crew consists of one man on the 


PLATE 32. MUCKING RIG FOR DEEP UNDERPINNING PITS 
Note curb to prevent small objects from falling down the pit. 

winch, one man at the pit head, and one down in the pit. Where 
two buckets can be used, the minimum number is usually five men, 
an extra man at the pit head and the other man “down the hole.” 
In rigging up the winch, to prevent overwinding if the rope be¬ 
comes tangled on the niggerhead, a line fastened to the switch 
should be placed within easy reach of the winchman for the pur¬ 
pose of cutting off the power. 

In practical application, the horizontal sheeting method is ca- 
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pable of great flexibility. Pits can be made of various shapes, as 
shown on Plates 34, 35, 36 and 37. Sometimes they are trapezoidal 
in shape, say 48 inches on three sides and 20 inches on the fourth 
side. This shape permits a pit to be sunk with the narrow end 
about two feet under the footing—little enough so as to disturb 
but a very small amount of the soil, and yet large enough to place 
a 16-inch pile with sufficient working room under the footing. 



PLATE 33. SAFETY HOOK MADE 
OF § 4 ' IN CH ROUND STEEL 


Sometimes the same result can be obtained, but not so neatly, by 
putting down a square pit with one corner only under the footing. 
Pits can be belled out in almost any direction. An inspection of 
Plates 35, 36, and 37 will show not only pits of large size that were 
braced with supplementary bracing, but also belling on a very 
considerable scale. The louvres are visible, as well as the jacks and 
braces which are used for supporting the sides of the pits. The 
great flexibility of box-sheeting, with skill on the part of the 
journeymen, permits remarkable work to be accomplished. In 
the instance shown in the illustrations, a great saving was made 
because a small-sized shaft could be used, the bottom being belled 
out to give the bearing area required. It should be noted that the 
thickness of the sheeting was increased with the size of the pier. 
On pits 6' x 12', the sheeting was 4 inches thick, strengthened by 
4" x 8" braces on 4-foot centers. On occasion, the authors have 
used 6" x 12" planks placed horizontally as sheeting, making it 12 
inches thick, for a pit 14 feet square. Even with such strong sheet¬ 
ing, in one instance, when the ground became moist at the bottom, 
supplementary bracing was required. 

In belling out, the avoidance of loss of ground is very important 
to safeguard the pit, as a dynamic condition might arise from fall- 
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ing earth caused by voids left above the top of the bell. Note on 
Plate 35 the various stages of making the bell, the result of much 
careful experimentation. It will be noted that when a pit was to 
be belled on all four sides, it was impossible to bell out in all di¬ 
rections at once, because of difficulty in holding the ground in each 
corner. The pit was first belled out on two opposite sides and, 
when it reached the proper extent, the bell was then started on the 
other two sides. 
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PLATE 34. VARIOUS SHAPES OF UNDERPINNING PITS 


The horizontal sheeting method is very flexible and these pits are easily enlarged 
after the first piles are jacked and wedged up. By sinking pits located as above, a 
minimum amount of carrying capacity of the foundations is impaired. 


The reason why pits of great depth, say 80 feet, can be sunk with 
thin 2-inch sheeting is because the earth has some, though little, 
shearing and compressive strength. It is able to arch around a pit 
and thus support itself, the sheeting merely supporting that part 
of the earth which would be between itself and the soffit of the 
natural earth arch. This arching action is destroyed when there is 
movement in the soil, and this is easily induced when sufficient 
ground is lost behind the sheeting. With arching action lost, tre¬ 
mendous pressures may develop and collapse of the pit may ensue. 

To illustrate the arching action in soil, attention is called to the 
fact that in many classes of soil, if a wooden pile be driven into 
the ground and withdrawn, a hole will be left. The lateral pres- 
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First Stage 


Shaft carried 
down to final 
depth straight 
on one end, 
belled on other 
end and both 
sides by step- 
pingout 2"in 
each8of depth 



SecondStage 

Vertical channels 
with braces and 
I beam installed, 
one end board of 
pit removed and 
aiagonalsheeting 
in place ready 
to drive 



Third Stage 

Additionalend 
boards of pit 
removed diagonal 
sheeting driven 
partway excava¬ 
tion of bell star¬ 
ted and braces and 
knees installed 
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Fourth Stage 


Diagonal sheeting 
driven full length, 
end boards of pit 
removed and re¬ 
placed in new po¬ 
sition at end of 
bell as excavati¬ 
on progresses 


PLATE 35. STAGES OF SINKING A BELLED-OUT PIT IN SAND 























































































PLATE 36. LOOKING DOWN A PIT 

Showing timbering of pit 10 feet by 14 feet in sand. Note spaces or louvres be¬ 
tween boards for repacking the earth behind them. 
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sure, if very great, would collapse the sides of this hole, but the 
arching action of the earth permits it to arch around the small 
hole left by the withdrawal of the pile. Also, if a cylindrical steel 
pile, say 14 inches in diameter, be driven 25 feet into the earth in 
a sandy and clay soil and excavated, a load of 3 tons will thrust 
this pile farther into the earth. This gives a frictional resistance 
of about 70 pounds per square foot on the area of the shell of the 
pile in contact with the soil. However, if a caisson, say 6' x 20', be 
sunk in the same material, and by some means be withdrawn, the 
hole left would probably be filled immediately by the collapse of 
the earth. In other words, the low shearing strength of the soil 
would not permit arching around a hole as large as this caisson. 
This deduction, furthermore, is borne out by experience in sink¬ 
ing caissons, where the frictional resistance of a caisson of this size 
is very often from 800 to 1,000 pounds per square foot of its area in 
contact with the ground. As the friction is a direct function of the 
horizontal pressure, it is obvious that great stresses are developed 
when the arching action of the earth is lost. Hence, great care is 
lequired in sinking underpinning pits to avoid the loss of ground, 
not only for the safety of the building but also from the standpoint 
of the safety of the pit itself. 

As has already been stated, horizontal sheeting is primarily used 
for non-water-bearing sandy or loamy soil, but where pits are to be 
sunk through materials such as pure clay, which are strong enough 
to stand a depth of five feet or so unsupported before the sheeting 
is placed, the Chicago well method is extremely useful. In this 
method a circular pit is dug about 5 feet deep and of the necessary 
diameter. Vertical sheeting is then placed in position, like the 
staves in a barrel, and when they are all set up around the circle, 
two sets of heavy wrought-steel rings, about 3" x 1" in cross sec¬ 
tion, each ring in two segments, are placed in position with their 
flanges together; wedges are then driven between the flanges to ex¬ 
pand them tight up against the sheeting, and the flanges are then 
bolted together. This is shown on Plate 38. The pit is then sunk 
another 5 feet and the process repeated. The depth the pit is sunk 
each time depends upon the quality of the soil encountered. In 
hard, dry, firm clay, the sets are sometimes as much as 6 feet deep, 
whereas in the presence of water and some sand they may be as 
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PLATE 37. HORIZONTAL VIEW IN BELLED-OUT PIT 

A: Inclined roofing over bell. B: Steel channel and I-beam frame. C: Spacing for 
repacking earth between horizontal boards. I): Pipe spreaders with screw jacks. 

View shows steel wales, trench screw jacks, inclined roof sheeting of bell and 
spaces left for packing between horizontal boards. 

short as 2 feet. When they have to be shorter, the method is more 
or less impracticable and other devices must be resorted to. With 
practice, the men become very skillful in cutting out the clay to 
almost the exact size. This is very important for there is no method 
of repacking behind the sheeting in case an excess of earth is dug 
out. Only grouting could be resorted to. 
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Fig. 1. Note the use of horizontal sheeting in the 
overlying sand and the use of the Chicago well 
method in the underlying clay. 


PLATE 38. CHICAGO WELL METHOD USED IN CLAY 


Fig. 2 


When it is necessary to sink a pit below ground water level, 
difficulties rapidly multiply with depth, and the horizontal sheet¬ 
ing and the Chicago well methods usually have to be abandoned. 
Vertical sheeting, either steel or wooden tongue-and-grooved sheet¬ 
ing, is then resorted to, if the necessary headroom is available. 
Such sheeting must be driven down well in advance of the excava- 
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tion of the pit, in order to provide a suitable cut-off and to prevent 
“boils.” Boils are really small springs which start in the bottom 
of excavations in earth because of the difference in the hydraulic 
head between the water outside and the water inside the hole. 
When a pit is dug below water level, pumping, which then becomes 
necessary, causes a difference in head and thus starts the boils. 
These usually carry soil with them, sometimes in large amounts, 
leaving voids in the earth outside of the pits. Thus boils not only 
cause trouble within the pit itself, but occasionally are disastrous 
outside the pit when they have been permitted to run for some 
time or when proper precautions have not been taken. 

It is also important not only to have the vertical sheeting driven 
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PLATE 39. METHODS OF WEDGING 
UNDERPINNING PIERS 


well down in advance, to an impervious layer if possible, to pre¬ 
vent boils, but also to have the sheeting tight, so that the soil can¬ 
not leak through the sides into the pit, and thus eliminate another 
source of lost ground. It is very easy to realize, with these limita¬ 
tions and difficulties, that it is often impossible to sink open piers 
beyond a certain depth. Then other methods such as steel piles 
or caissons, either open or with compressed air, have to be used. 

In sinking pits, regardless of the method, every precaution 
should be taken, especially in deep holes, to prevent objects from 
falling down them and injuring men. This particularly applies 
to small things such as nails or small pebbles which, falling down, 
have caused many a man painful injuries, occasionally the loss of 
an eye, or even death. A wise precaution is to build a substantial 
curbing around the mouth of the pit several inches above the ad' 
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joining ground level, and to be careful to close up all small open¬ 
ings through which anything might fall. See Plate 32. When the 
pits are deep and are being sunk in basements where a failure of 
the electric power would leave everything in darkness, it is prudent 
to have at each pit an electric dry-battery flash light so as to help 
the men up out of the hole. Occasionally noxious or explosive 
gases have to be guarded against by the usual precautions. 

When the pit has been sunk to the required depth, and provided 
it is not necessary to install caissons or steel cylinders, it is then 
concreted to within about two feet of the bottom of the founda¬ 
tions and allowed to set. It is then wedged up. This important 
operation conveys the load of the foundation to the pier. It is 
sometimes done by means of small masonry piers with steel plates 
and wedges inserted therein, or more crudely by wedging between 
suitably sized stones. It can be well done by the use of steel I-beams 
and wrought-steel wedges, the whole being subsequently concreted 
and carefully grouted up, as shown on Plate 39. In lieu of wedg¬ 
ing and grouting, if time be available, a good method of putting the 
load on a pier is to “dry-pack” it and leave the wedging out. This 
is done by bringing the concrete to within three or four inches of 
the bottom of the foundations and, after permitting the concrete 
to set so as to take up all shrinkage, to dry-pack the space left with 
a stiff mortar. This is thrown by handfuls into the thin space be¬ 
tween the footing and the top of the concrete pit and rammed 
home, solid, by some suitable means, for instance by a short 2" x 
4 piece of wood and an 8-pound hammer. When properly done, 
the mortar is entirely in contact with the original foundation 
everywhere, regardless of its irregularities, and is very satisfactory. 
(See Plate 40.) This method is much more reliable than grouting, 
because there are many difficulties in getting a good grouting job. 
Air pockets sometimes prevent the grout from getting in contact 
with the foundation everywhere, and, in any event, grout usually 
shrinks and leaves a small space, perhaps l/g of an inch, between it 
and the bottom of the footing. This can usually be prevented by 
keeping a head on the grout, while setting. 

The use of high early-strength cements has been a very great aid 
in expediting underpinning operations, for now when a pit is 
ready it can be concreted, dry-packed after a few hours, and the 
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adjoining pit immediately started, whereas formerly it would be 
unsafe to dry-pack until one or two days later. 

Very frequently, in underpinning, the masonry piers do not 
reach any specially substantial stratum, and the possibility of move- 



Courtesy Underpinning and Foundation Company 


PLATE 40. DRY-PACKING AN UNDERPINNING PIER 

The dry-packing is being placed, in this instance, between the concrete under¬ 
pinning pier and the column base. 

ment is not ended with the completion of the underpinning work 
as designed. Under these circumstances, a good precaution is to 
leave niches in the concrete immediately below the bottom of the 
foundation. Then, whenever there is danger of subsequent move¬ 
ment, screw jacks or hydraulic jacks can be inserted in the niches 
and the underpinning tested and settled, leaving the building itself 
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without movement. An example of this is shown on Plate 41, 
where the underpinning was settled several inches after it was com¬ 
pleted, without any damage to the building. In this case, a moder¬ 
ately heavy building with a load of about 16 tons per linear foot of 
wall was underpinned on plain concrete piers. They rested on fine- 



PLATE 41. NICHES FOR JACKS LEFT IN UNDERPINNING 

A: 75-ton screw jack. B: Concrete underpinning. C: Screw jack removed and 
I-beam wedging in place. D: Dry pack between underpinning and old footing. 


grained sand and clay above water level. The building behaved 
beautifully until the vibration from the pile-driving for a new 
foundation alongside started. Then the building showed evidence 
of movement; the jacks were immediately inserted in the niches 
which had been left for them and the building was thus fully pro¬ 
tected. After settlement had ceased, the space between the top of 
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the underpinning and the bottom of the footing was again dry- 
packed. 

Generally speaking, when an underpinning pier reaches rock the 
underpinner’s troubles are over, because then a firm and unyield¬ 
ing stratum is reached. This is, of course, assuming the rock is 
good hard rock; but in many cases, especially in New York City 
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and Philadelphia where the bedrock is generally a mica schist, this 
is not so. The surface of the rock is often metamorphosed to the 
consistency of soft earth. Generally, it is easy to sink piers through 
this to hard rock. But, if a future excavation is to be made im¬ 
mediately alongside the underpinning piers and deeper than the 
surface of the hard rock, a difficult situation sometimes confronts 
one. If selvages, slips, faults, or slickensides run in such directions 
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in the rock that a slide could easily take place, as shown in Plate 
42, Fig. 1, then the pit must be sunk sufficiently deep to avoid the 
danger, or other precautions must be taken. Even when the rock 
is firm and hard, if the depth of the subsequent rock face be great, 
then steps must be taken to prevent damage, by adequate bracing 
against the rock faces, or by steel pins driven into the rock to 


PLATE 43. BRACING AGAINST ROCK FACES, SIXTH AVENUE SUBWAY 

Use of steel dowels and H-beam shores to prevent rock slides. A: Concrete pier 
underpinning which was installed in horizontally sheeted pits. B: Inter-pit sheeting 
held by steel angles (C). D: Pretested steel braces across cut. 

prevent it from sliding, as shown on Plate 42, Figs. 4 and 5, and 
Plate 43. 

In any event, it is most important to use great care in blasting 
the rock alongside or below the underpinning piers. If the powder 
charges are too heavy, the rock may be shot out from underneath 
a pier. It is essential that the rock be very carefully “line-drilled” 
in the vicinity of the underpinning to help minimize the danger of 
overbreakage. By line-drilling is meant the drilling of numerous 













8o 


Underpinning Methods 



Courtesy of George J. Atwell Company, Inc. 


PLATE 44. EXAMPLE OF LINE DRILLING 
Note underpinning concrete. 

parallel vertical drill holes about four to six inches apart on the line 
to which it is desired to break the rock. This work is often done by 
using drill bars or wagon drills. A fine example of line-drilling 
and exact rock breakage is shown on Plate 44. 

DRAINAGE 

Whenever it is necessary in building foundations or in under¬ 
pinning operations to dig below ground Tyater level, drainage op¬ 
erations are required. This opens up a very wide field, and it is not 
within the scope of this book to cover it exhaustively. However, 






Underpinning Methods 81 

some points will be dwelt upon which have been useful in connec¬ 
tion with underpinning operations. 

Whenever dewatering is done in connection with underpinning 
work, or in the vicinity of buildings on floating foundations, it is 
most essential that it be done in such manner that the flowing 
water does not carry with it any soil from beyond the confines of 
the excavation. With “quicksand” this is sometimes very difficult. 

Quicksand” has been described as wet material improperly han¬ 
dled and, with some reservations, this is a pretty good description, 
for quicksand dewatered becomes easy ground to work. Deep ex¬ 
cavations, accompanied by drainage operations, eventually solidify 
water-bearing soft ground so that underpinning and foundation 
work in the vicinity are easily accomplished and the quicksand re¬ 
moved by the aid of a pick only. 

The water in very fine-grained materials is often held in place 
by capillary attraction and consequently cannot drain at all or at 
best very, very slowly. It then partially dries by evaporation, if wa¬ 
ter lrom outside sources is kept away. If a small amount of the very 
finest-grained quicksand is taken in the hand, the hand cupped and 
gently but rapidly vibrated, this capillary water is forced to the 
sin face and can be seen in tiny pools; but when the hand is flat¬ 
tened out and stilled this water is immediately reabsorbed. The 
same thing happens with moist clays. Such materials are prac¬ 
tically impossible to drain. It is found that excavation is then best 
canied on by excavating in thin layers, perhaps even as thin as six 
inches—a process something like peeling off the successive layers 
of an onion—the earth drying out a little and consolidating in 
layeis partly by exceedingly slow drainage and partly by evapora¬ 
tion. Plenty of area and time, of course, are necessary to conduct 
an excavation operation in this manner, but if it is carried on 
differently, mass movements of the surrounding soil are likely to 
take place. An example of a drainage operation such as this is 
shown on Plate 45. 

The safe draining of fine-grained sand and clay depends upon 
the handling of water at an extremely slow velocity. Very fine 
panicles tend to float or stay in suspension, for the carrying capac¬ 
ity of water varies with the sixth power of its velocity. Therefore, 
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it is necessary in fine-grained materials to have large drainage sur¬ 
faces from which the water will drain or seep out at a very slow rate 

of flow. 
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A-16 "Steel underpinning piles 
filled wit/] concrete. 

B- Drain ditches where needed 
to permit placing of 
concrete bottom. 

C- l6"Steelpiles, 15 centers, 
jacked in place before 
lower excavation was made. 

D~ Drainage seepage slopes6m8' 
about4days after 2'deep by 8 ' 
wide center has been removed 


E~ Ground wafer, 
f- Horizontal inter-pile wooden 
sheeting 

G- Slab Inzer band 

Sequence of excavation:!'removed 
by hand loading for about500ft, 
then Bon both sides removed by 
hand loading. Operation is then 
repeated by removing 5, then 4 etc, 
until subgrade is reached. 


PLATE 45. DRAINAGE AND EXCAVATION METHOD, NASSAU STREET SUBWAY, 
NEW YORK, 1929 


When drainage is necessary, it is best to start pumping as soon 
as possible, because time is a very important element, and nature 
decides for itself how fast it will let the water flow through the 
ground. The pumping generally should be continued through 
three shifts a day, seven days a week. It is surprising what apparent 
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miracles are sometimes accomplished by a few weeks of continuous 
pumping. Bad conditions are very greatly improved even in a 
short time. Every effort should be made to keep all water drained 
and pumped completely away from the site of the work by dis¬ 
charging it into a sewer or pipe line. All water leaks should, if pos¬ 
sible, be stopped and water from all sources should be prevented 
from running into the ground around the work. A very little wa¬ 
ter in fine-grained material causes a great deal of trouble. 
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PLATE 46. GRAIN SIZE DISTRIBUTION AND SOME OTHER PROPERTIES OF 
UNSTABLE FINE-GRAINED SOILS 


To aid in recognizing the fine-grained soils described above, 
Plate 46 is included to show the grain size distribution and some of 
the properties of two typical examples. 

The best types of pumps to use in this work are those that have 
either no valves, or those with valves easily accessible, as the water 
is always more or less muddy and sometimes contains a great many 
solids which would prevent the proper functioning of ordinary 
valve and piston pumps. The best types are diaphragm pumps, 
such as the Mud-Hog or Humdinger. These work by means of 
diaphragms and have for inlet and outlet valves 3" or 4" round 
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rubber balls in chambers outside the pump. This makes them ac¬ 
cessible through small covers held in place by thumbscrews and 
permits the valve chambers to be easily cleaned. Another suitable 
type of pump is a self-priming centrifugal, such as the Marlow or 
La Bour, with so-called open impellers, that is, impellers with 
openings large enough so that small solids can easily pass through 
and not plug them up. The closed impeller type is not generally 
suitable, for even the smallest solids frequently close up the open¬ 
ings in the impeller and the pump ceases to function. Sometimes 
ordinary centrifugal pumps, with open impellers, can be used in 
conjunction with wet vacuum pumps or self-priming tanks to pre¬ 
vent the loss of suction. The great difficulty with centrifugal 
pumps heretofore has been the fact that the moment they suck air 
they are unable to prime themselves again, but these devices solve 
that problem. Other suitable pumping devices for dirty water are 
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Sanofana/gravel 
Sana/ 

Sand ana/c/ay 

PLATE 47. PERCHED WATER TABLES 

steam siphons and Pulsometer pumps. A good pump man should 
always be on the job to keep the pumps running, for when a drain- 
age operation is interrupted it frequently causes a very serious loss 
of time. It may take several days to recover the drainage level that 
had been achieved before a half-day s stoppage of pumping oc¬ 
curred. 

Attention might be called here to the fact that ground water 
does not always extend continuously to bedrock. This is depend¬ 
ent upon the geological conditions. In clean sandy soil underlain 
by rock, once water is encountered it extends all the way down, but 
very often there are impervious strata at various elevations which 
prevent the passage of water from one stratum to the next stratum 
below, so that in cross section, especially in Manhattan, a series of 
what are called “perched water tables” is encountered, as shown on 
Plate 47. It is a common occurrence in sinking 4' or 5' caissons, in 
the open, to go from a very wet quicksand stratum into one that is 
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dry, firm, and easy to dig, and thence again into very soft boiling 
ground. 

The three general methods of drainage as adapted to this work 
are: 

1. The use of ordinary sump and drainage ditches. 

2. Pre-drainage” sump for the finer-grained materials. 

3. The use of batteries of well points connected to suitable 
pumps. (Well points are strainers composed of fine-mesh wire 
screen wrapped on small round frames. They are generally a few 
inches in diameter and several feet long. They come in sections 
that can be screwed together so as to give longer drainage surfaces 
if desired.) 

The first method is the oldest, and often effective. It consists 
of sinking a sheeted pit or sump in close proximity to the work, 
some distance below ground water level and pumping therefrom, 
letting such water reach it as will flow by the digging of suitable 
lateral ditches. Of course, the only water that such a sump can 
get is either brought to it by the ditches or comes up through the 
bottom of the pit. This frequently causes boiling which, as has 
already been pointed out, must be guarded against. Furthermore, 
the sheeting which permitted the sinking of the pit with safety in 
the first place very effectually keeps the ground water from drain¬ 
ing into it. To overcome this, the second method of the “pre¬ 
drainage” sump was developed. 

The pre-drainage sump is a pit so constructed as to have porous 
sides and bottom which permit the ground water to filter through 
into it from very large areas, compared at least to areas presented 
even by a number of well points. It has the advantage of giving 
large drainage surfaces and of preventing boils. It delivers prac¬ 
tically filtered water to the pump. A typical layout is the one 
shown in Plate 48. In this case an ordinary 6-inch centrifugal 
pump was provided with a self-priming tank and an automatic 
stopping and starting device. It worked continuously for six 
months, never gave any trouble, and completely effected its pur¬ 
pose of drying the ground so that the water was never even seen 
either in connection with the underpinning of the structures, or 
during the excavation of the subway cut. 

The sump is constructed by sinking a pit 5 feet to 10 feet square, 
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using wooden tongue-and-grooved or interlocking steel sheet pil¬ 
ing, as required by the conditions, and excavating in the usual 
way. If necessary, boiling can be overcome by leaving the pit full 
of water and dredging the earth out to the desired depth. When 
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this is reached, a layer of a mixture of coarse sand and gravel, 1 or 
2 feet thick, is placed on the bottom. A 1 , 4 -inch mesh screen on a 
framework approximately 2 feet smaller in each horizontal dimen¬ 
sion than the size of the pit is then lowered to the bottom. Gravel 
and coarse sand are then deposited between the screen and the 
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sheet piling, after which the sheet piling is withdrawn. Pumping 
by various types of pumps can then be started, and the water is 
lowered in the sump almost to the bottom and kept there. It acts, 
in fact, like a gigantic well point. In very slow-draining materials 
it is often necessary to pump for weeks before much effect is no¬ 
ticed, but very often in coarse-grained material the water for a long 
distance around is quickly lowered. 

The third method—drainage by well points—is applicable to 
coarser free-draining materials and is helpful very frequently in 
fine sand. It consists of batteries of well points, properly connected 
to main suction lines or manifolds, which are drained by centrif¬ 
ugal pumps, self-priming or ordinary in type, supplemented by 
wet vacuum pumps. In fact, almost any good pump serves well, for 
the water is generally clean. It is customary always to put vacuum 
gauges on the suction lines so as to discover easily when something 
has gone amiss. As long as the vacuum is maintained the system, of 
course, must work unless the well points are clogged up with sand 
and clay. 

A typical well point layout is shown on Plate 49. This instal¬ 
lation was a complete success, and the job was never complicated 
by the presence of water. The well points are screwed on to 
pipes of suitable length and installed in the ground with the top 
of the point well below ground water level, or several feet below 
the depth to which it is desired to lower the ground water. The 
points can be jetted into place directly, or they can be installed in 
a hole jetted into the ground by fastening a water hose with nozzle 
to a stick of sufficient length and using water from a source with 
enough pressure. A hole is thus jetted into the ground the neces¬ 
sary depth, the hose quickly withdrawn, and the well point im¬ 
mediately dropped into position. 

An interesting example of the successful use of well points on 
an underpinning operation is shown on Plate 50. The bottom 
of the original foundation of the adjoining building (shown in 
the upper background) was about 15 feet above the bottom of the 
excavation, which extended about 10 feet below original ground 
water level. The underpinning, which forms the background of 
the picture, was installed to the water level which had been low¬ 
ered somewhat by a pre-drainage sump. The well point system in 
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the foreground was installed and the ground water was almost 
immediately lowered an additional 6 feet and the underpinning 
was thereupon completed. The height of the soil just above the 
flexible hose connections from the manifold to the well points in 
the background was the level of the water when the well points 
were installed, the manifold being subsequently lowered. The 
ground was “boiling quicksand’’ but after being drained, as can 
be seen, it stood vertically over 6 feet without sheeting. The un- 
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PLATE 49. WELL POINT PUMPING, DIAGRAM 


derpinning pits are visible, together with the openings left be¬ 
tween the foundations and the top of the pits for additional jacking 
which proved to be necessary. 

In very fine soils the water cannot drain freely to the well points 
and sometimes the pores in the wire mesh, and in fact occasionally 
the entire well point system, become clogged up with the fine 
grains of sand or clay which are brought in by the pumping op¬ 
erations. Under these conditions, it is often very helpful to fur¬ 
nish each well point with a large draining area by a modification 



































PLATE 50. WELL POINT PUMPING, GENERAL VIEW 
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of the pre-drainage sump method. This consists of driving a pipe 
say 12 to 16 inches in diameter down the desired depth, excavating 
it by means described subsequently under sectional steel piles, 
then installing the well point in the large pipe which is afterward 
filled with coarse-grained sand. Then the large pipe is withdrawn. 
The coarse-grained sand, in contact with the fine water-bearing 
materials, gives a large porous drainage surface through which the 
water reaches the well points. 

The methods of drainage described apply, with the exception 
of the well points, to those used outside the underpinning pits 
themselves. When the pumping is done inside pits less than 20 
feet deep, the pumps can be kept outside. Below 20 feet the suc¬ 
tion generally gives trouble, as very small leaks cause the pumps 
to lose their prime and thus cease to function. Below 25 feet, 
the pump must be put “down the hole.” Generally, in the small 
constricted space of an underpinning pit, a pump is a great handi¬ 
cap to the men. Small pumps are then required. For moderate 
lifts, say 50 or 60 feet, small steam siphons are excellent—that is 
if, like the Blakesley siphon, they are constructed so as to pass 
some dirt in the water. Such pumps have channels which do not 
easily plug up, so that the water can flow through to get to the 
steam jet and discharge orifice. They are small in size, 2 or 3 inches 
thick, 7 inches wide and a foot high. They can be carried in one 
hand and are connected with perhaps a i-inch steam hose and 
1-inch discharge line, depending on the volume of water. These 
two hoses can be fastened together to act like one, occupying 
scarcely any room in the pit. For great depths special pumps are 
required—generally vertical in type, such as the Cameron sinking 
pumps or vertical, electrically driven, multiple, centrifugal pumps. 
Pneumatic sump pumps are very compact and useful; they have 
been developed to operate against heads as high as 100 feet. 

SECTIONAL STEEL PILES 

Sectional steel piles or cylinders are used to secure results not 
feasible with masonry piers. They vary in diameter from 12 
inches to 54 inches, and in thickness of wall from 7/64 of an 
inch to ^4 °f an inch. While being driven they are mucked out 
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every few feet to make driving easier and to prevent the pipe 
from buckling. When driven home and completely mucked out 
they are concreted, tested, wedged up directly to the footing, and 
the pit in which they are installed is usually concreted, or back¬ 
filled. They are occasionally driven by drop hammers or by ham¬ 
mers of the reciprocating type operated by air or steam when the 
head room is available, but more usually they are driven by hy¬ 
draulic jacks. Occasionally, in the case of large-diameter piles 
or caissons 3 feet or more in diameter, when it is impossible to get 
them down by other means, compressed air is resorted to. A con¬ 
venient depth of pit to work in for the purpose of jacking piles is 
6i/ 2 feet. Piles have been frequently jacked down with as little 
room as 3 feet and on one occasion with only 30 inches of head 
room, but this is a laborious and expensive operation. 

The pipe used for these sectional piles is generally from 12 to 
16 inches in diameter and of wall thicknesses from 7/64 of an 
inch to Ys °f an inch, depending upon the loads and local condi¬ 
tions. Smaller sizes are not used because the mucking tools can¬ 
not be conveniently worked in them. Furthermore, when small 
boulders are encountered they can more easily be removed or 
broken up from a pipe 14 inches in diameter, than in one, say, of 
10 inches. There is no effective commercial method of getting 
through large boulders and, when one is reached, the pile has to be 
abandoned unless the boulder can be broken up by long “bull 
points” or drills. Even when the pile lands on a big boulder, it 
can carry a good load because the boulder has some bearing capac¬ 
ity if not subsequently disturbed. 

Unless the piles are driven to rock or hardpan so that the 
strength of the shell may be utilized, a thin shell pile may be 
used. A heavy shell pile on rock might carry 100 tons, but it 
should always be borne in mind that a building is carried not by 
the underpinning but by the material that supports the under¬ 
pinning. Where only 30 or 40 tons can be placed on a pile, a 
thin shell of 7/64 of an inch would ordinarily be used. 

Sometimes it is necessary to use a heavy shell pile even where 
the ground is soft, because there may be strata hard to jack 
through. The presence of boulders, which are likely to collapse 
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a thin shell, usually makes it impossible to jack any farther. The 
types of pipes, together with their connections, are shown on Plates 
51 and 52. 

The thin shell pipe is usually made of sheet steel, riveted or 
welded together. It is reinforced at the top on the outside with 
an extra band of metal about 2 inches wide, and at the bottom 
by an inside band which extends about 2 inches into the pipe and 
2 inches below it and thus serves as a connection between it and 
the next section below. The “starters” or first pieces jacked are 
reinforced on the inside of the bottom by a band about 8 inches 
high, firmly riveted or welded in place to prevent buckling of the 



PLATE 51. JACKING PIPE AND SLEEVE CONNECTIONS 

These pipes are from 12 to 18 inches in diameter. On the right are heavy shell 
pipes 34-inch thick. The steel sleeves shown are for the heavy steel pipe. Some¬ 
times the sleeves are made of cast iron. 

cutting edge; another “starter” often used is a length of pipe with 
a shell an inch thick. The thin shell pipe is very satisfactory. It is 
much lighter and more easily handled than the heavy shell pipe, 
and is made in any desired length, usually 2 to 4 feet. It developed 
surprising strength in tests made many years ago at the instance 
and under the inspection of the Public Service Commission of the 
State of New York, during the construction of the William Street 
subway. One pile, 14 inches in diameter, after being installed, 
was tested while empty up to 90 tons without rupture, and hun¬ 
dreds of others have been tested to 80 tons after being filled with 
concrete, though in practice it is customary to assign them loads of 
only some 30 or 40 tons. 









PLATE 52. LOOKING DOWN A 54-INCH-DIAMETER JACKED CYLINDER 

1 he cylinder is on rock and ready to receive concrete. A hose carrying com¬ 
pressed air for ventilation and a steam hose and water discharge hose for a steam 
siphon are visible. The ladder is for emergency onfy, men and materials being 
raised ^nd lowered by an electric winch. 

When pipe 3 feet in diameter was first used, the shell was i / 4 
of an inch thick, but this proved to be too light in practice and 
subsequent pipes were made of 3 ^-inch sheet metal, which of 
course is a relatively thin wall for a pile or cylinder of that di¬ 
ameter. It was made in 2-foot lengths exactly the same as the 
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thin-shell pipe just described. Subsequently, similar cylinders 41^ 
feet in diameter were made of l^-inch plate which, again proving 
too light, was increased to 3 ^ of an inch. These were successfully 
jacked down. In view of the heaviness of these shells, which 
weighed somewhere around 200 pounds per foot, and the difficulty 
of handling them in a restricted space they were made in not 
longer than 4-foot lengths. The sleeves were of a design similar 
to that shown in Plate 51 but of steel plate with a steel band 
welded to it. Of course, cylinders three feet or more in diameter 
are really not piles but are small caissons. A view looking down a 
large cylinder is shown on Plate 52. 

In Chapter I, the capacities allowed by the Building Code of 
the City of New York for various size piles are given. In that 
schedule, a pile of 16-inch diameter with a 3 ^-inch wall is allowed 
to carry a load of 174.2 tons in foundation work. Commercial 
lengths of pipe about 20 feet long are ordinarily used in founda¬ 
tion work, while in underpinning, from necessity, the piles must 
be made up of short sections, and usually not more than 70 per 
cent of the capacities given in Chapter I are used for underpinning 
purposes. 

In using the heavy shell piles it is necessary to cut the sections 
carefully to a plane surface perpendicular to the axis of the pipe, 
so that successive sections will have a smooth even bearing on the 
connecting sleeves, and so allow the pipe to be driven straight and 
plumb. A cutting torch is commonly used for this purpose. In 
fine-grained water-bearing sand and clay it is customary to caulk 
each joint with oakum and pitch, so that when the pile is sub¬ 
sequently dewatered for concreting purposes, inward leakage does 
not occur. 

In regard to the durability of the shell, it is a fact accepted by 
most engineers and the public authorities in New York City (as 
shown by the provisions of the city code) that the shell is prac¬ 
tically indestructible as long as it is in contact with the earth. This 
fact is borne out by observation of shells of piles that have been in 
the ground for many years. We have never seen one that has shown 
any signs of serious deterioration, while 99 per cent seem to show 
no change at all in their condition. A probable explanation is that 
the surface of the shell rusts a little from the oxygen in the 
ground or in the zone of vadose circulation, this rust being held 







PLATE 53. DROP-HAMMER PILE RIG USED IN 1916 

Piles were driven a few feet at a time and then mucked out. The winch is 
an old type. Present type shown on Plate 32. 

of the Centerville Hydro-Electric Plant. This pipe was in the 
ground fifty-eight years and was unearthed in fine condition. 2 

DRIVING AND JACKING 

In clean, coarse sand without boulders, with plenty of head- 
room, say io feet, a gang of three men can drive and muck out 
about 20 feet of 14-inch pile in an 8-hour shift with a drop-hammer 
rig. This consists of a niggerhead winch, a few snatch blocks, a 
graphite lubricated hemp rope, and a hammer about 9 inches in 

2 Engineering News-Record, Vol. 101, No. 20 (Nov. 15, 1928), p. 740. 
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in place, however, by the earth so that a new surface subject to 
corrosion is not exposed. In other words, after a slight amount 
of rusting has taken place, the pipe protects itself. For example, 
a 30-inch steel pipe used as an inverted siphon by the Spring Val¬ 
ley Hydraulic Mining Company in the Feather River district in 
California, installed in 1871, was dug up by the Pacific Gas and 
Electric Company, was retested and then installed in the penstock 
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diameter weighing 400 or 500 pounds. This is dropped 2 or 3 feet 
on a steel pile cap on top of the pile and guided by hand, as shown 
on Plate 53. 

In recent years there has been a trend toward the use of specially 
designed pile-driving rigs employing double-acting air hammers 
for the installation of cylinders inside buildings, when there is a 
considerable depth to firm bearing material. These piles cannot 
be installed directly beneath columns or walls but must receive 
their loads through combinations of needles and grillages. 

Plate 54 illustrates several different methods of handling pile 
hammers. The simplest method where there is not too much mov¬ 
ing or handling involved is the use of chain falls, Fig. 1. Skid-pile 
rigs employing 2-drum hoists and capable of handling a double¬ 
acting hammer weighing 314 tons are shown in Figs. 2 and 3. Both 
of these rigs employ a special lifting arrangement for the hammer, 
in which a sheave is bolted to each side of the hammer a little 
above its center of gravity. By this means about four feet of head- 
room is saved in places where inches are important. The top of 
the pile leads is open so that the top of the hammer can be hoisted 
to a height of several feet above the leads, bumping the ceiling or 
other overhead obstruction when the last inch of headroom is 
demanded. Motive power for the hammer and hoists comes from 
compressed air supplied by an air compressor plant through a hose. 
Moving of the rigs is accomplished by means of niggerhead drums 
and manila ropes; by the use of rollers little effort is required. 

In Fig. 2, a so-called “tower” leads which is a rigid machine, the 
four 10" x to" legs at each corner of the tower can be cut to suit 
the headroom available. A “tilting” leads is shown in Figs. 3 and 
4. This all-steel machine has leads which may be quickly tilted 
back without removing the hammer and is especially useful in 
moving from place to place in spite of obstructions, such as pipe 
lines, which may reduce the headroom to as little as 614 feet. 

The niggerhead drums are also used with snatch blocks to han¬ 
dle the pipe sections that are being driven and the jets of air or 
water when open pipe piles are used. Blow pipes are made up in 
not greater than 10 or 12-foot sections with quick-acting coarse 
threaded (Acme type) couplings. 

By means of the tilting and tower leads, 16-inch open pipe piles 









Fig. 3. Skid rig with leads tilted up in Fig. 4. Skid rig with leads tilted down 
position to drive. to move under girder. 

PLATE 54. METHOD OF HANDLING PILE HAMMERS INSIDE BUILDINGS 


Fig. 1. Use of chain falls to handle 
pile hammer. 


Fig. 2. Skid rig with tower leads built 
to suit headroom. 
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have been driven to rock at depths as great as 90 feet, blown out 
and concreted. 

Where considerably more headroom is available, small crawler 
cranes or truck cranes or derricks using short booms may be em¬ 
ployed. 

When the necessary headroom for power or drop-hammering is 
not available, or when the attendant vibration is undesirable, hy¬ 
draulic jacks are used. A short, empty section of pipe is placed on 
the bottom of the pit in its proper location and a steel plate, per¬ 
haps 18 inches square and ii/£ inches thick, placed on top of it. 
A hydraulic jack is then placed on the plate and blocked up against 
the bottom of the footing with jacking dice. These dice are either 
short lengths of 6-inch pipe, filled with concrete, or 6" H-I beams 
and ^ 4 " plates. With the hydraulic hand pumps and jacks they are 
shown on Plate 55. Formerly, short wooden blocks usually 12 
inches x 12 inches in size were used but were very unsatisfactory 
because they were cumbersome and not very strong, frequently 
crushing under the jacking load, which meant that the labor of 
pumping was wasted on crushing wood instead of forcing the pipe 
into the ground. When wood blocks are used, however, there 
should be a protecting steel plate about i/%- or 34-inch thick both 
at the top and bottom of the block, in order to distribute the 
stresses and thus aid in preventing its crushing. 

Using the weight of the structure as a reaction, the pile is then 
thrust into the ground several feet. In doing this the pressure 
generally runs from a few tons for the first foot to about 20, 30, 
or more for a depth of 3 or 4 feet, depending on the amount of 
muck in the pipe and the quality of the ground. Coarse clean sand 
is the easiest to jack through with an empty shell, but offers a very 
great resistance when several feet of sand have accumulated in the 
bottom of the pile. The muck in the pipe, arching across its bot¬ 
tom and clinging to its sides, forms practically a solid mass which 
must be thrust through the ground, building up a bulb of pressure, 
as described in Chapter VII, and the reaction rapidly increases with 
penetration. The pile is then mucked out and another piece of 
pipe is added and the process repeated until the desired depth is 
reached. 

A very interesting use of the principle that muck in the bottom 
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of a pile clings to its sides and arches solidly across the bottom, 
was made on an underpinning job where it was necessary to jack 
15-inch pipe through 30 feet of peat. It was found that by putting 
about 3 feet of cinders in the bottom of the first length, all the peat 
was easily thrust aside, did not enter the pile, and labor of ex¬ 
cavating it from the pile was saved. This permitted unusual speed 
to be made in the jacking by power hydraulic pumps. 

In a recent case, a building on the west bank of the Connecticut 
River at Hartford, was founded on 15 feet of fine sand beneath 
which was 75 feet of soft red clay. The clay consolidated, causing 
the building to settle. Underlying the clay was a very firm hard- 
pan. In underpinning this structure, 14-inch pipe piles were 
jacked through the sand and all but the bottom four feet of sand 
was excavated from within the pile. The four feet of sand remain¬ 
ing formed a plug inside the bottom section of the pile and allowed 
it to be jacked through the soft red clay (the pressure on the jacks 
being about 30-40 tons) with no excavation of this material being 
required because it was shoved aside, making for very rapid prog¬ 
ress. All that remained to complete the pile after hardpan was 
reached was to clean out the four foot plug and concrete and wedge 
up. (See also use of cast-iron jacking shoes, Plate 67.) 

The best jacking rig for hand power is an independent hydraulic 
pump good for about 13,000 pounds per square inch, equipped 
with a 54-inch plunger, so that two men can easily work it. A suita¬ 
ble jack is one with a 41^-inch-diameter ram and about 20 inches 
high. Its available extension is about 11 inches. It weighs 175 
pounds. Special manganese steel jacks, made with hollow rams, 
have been used, thus reducing the weight of the jack to about 135 
pounds. This is of great help to the men for, when working in con¬ 
fined spaces, every pound counts. 

The best jack available is shown on Plate 56. The ram is 
threaded with a coarse square-shouldered thread; a safety collar 
with a similar female thread is placed on the ram. By this arrange¬ 
ment the ram can be extended by hydraulic pressure, but if the 
safety collar is screwed down against the cylinder of the jack, the 
release of hydraulic pressure will not cause the jack to lower its 
load. (See Plate 12.) Such jacks, in the 41^-inch size, are generally 
called “40-ton” jacks because they have a 40-ton reaction when the 
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hydraulic pressure is 5,000 pounds per square inch. A pressure 
gauge is always kept on the pump to give accurate knowledge of 
the working load. With a 414-inch ram, each 1,000 pounds on the 
gauge represents about 8 tons on the jack. Working pressures gen¬ 
erally do not exceed 5,000 pounds per square inch, as with higher 
pressures the cup leather gaskets on the bottoms of the rams be¬ 
come hard and brittle, leak, and have to be changed. 



Different sizes of jacks are used for special purposes. For special 
tests, jacks with 6-inch rams or larger are used. These jacks with 
larger diameters are generally made short in height to cut down 
their weight, which varies with the square of the diameter. 

The independent pump and jack are a great improvement over 
the old type jack shown on Plate 57, which was constructed with 
the pump and jack as one single tool. The old ones not only 
had the great disadvantage of weighing about 360 pounds, which 
necessitated terrific work even to get the jack on top of the pile_ 
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and it had, of course, to be frequently removed for mucking pur¬ 
poses—but also it was necessary to man the pump in the confined 
space of an underpinning pit. The independent pump can be 
placed anywhere in a convenient location where the men have a 
free chance to work; their efficiency is greatly improved thereby, for 
their efforts are comfortably exerted. The jack is connected to the 
pump by means of flexible copper tubing of 1,4-inch diameter bore, 
preferably equipped with steel fittings. The steel fittings, being 


PLATE 57. OLD-TYPE HYDRAULIC JACK 
AND PUMP COMBINED 


hard, are more durable than the bronze fittings usually supplied 
by the various copper-pipe manufacturers, because with the con¬ 
stant connecting and disconnecting the bronze threads wear away 
very rapidly. In making the connections water-tight, the gaskets 
or washers used are made of chrome leather, though at best they 
are not very durable. The flexible copper pipe crystallizes with use 
from bending and should be annealed very often in a cool fire or 
otherwise it will fracture and break. A new development is the 
use of hydraulic wire-wound rubber hose which can be used at 
pressures as high as 10,000 pounds per square inch. Its great ad¬ 
vantage is in lightness and flexibility. Jacking outfits ready to oper¬ 
ate are shown in Plates 57, 58, 59 and 60. 
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Where the pries are over 20 feet long, it is often worth while to 
fasten the jacks to the bottom of the existing foundations in an 
inverted position, attaching a ratchet to the ram so that it can be 
returned after being extended, as shown on Plates 58 and 59 
(patented). This saves the constant moving of the jacks and 
greatly expedites the work. 
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PLATE 58. INVERTED JACK SETUP (PATENTED) 


Hole for pump and 
jet hose 


Piafe on Pile 


This whole jacking rig is very light and is easily portable by a 
gang of two or three men who can drive and muck out from 4 to 20 
feet of pile in an 8-hour shift. They might average about 12 feet 
in clean ground without boulders. 

In handling hydraulic equipment, clean water should always be 
used and every care exerted to prevent sand or other solids from 
getting into the pipe lines. A grain of sand under high pressure, 
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caught between the barrel of the jack and the gasket of the ram, 
may cut and score it so that it becomes useless. Great care should 
be taken to have all of the connections absolutely water-tight be¬ 
cause, under the great pressures used in jacking operations, hy- 



PLATE 59. INVERTED JACK WITH RATCHET AND HAND PUMP (PATENTED) 

Note steel jacking plate, 4-inch pipe blocking or dice and other details. At the 
left is a completed pile, wedged up. 


draulic water cuts very much like a knife, and a very tiny leak soon 
becomes large. In this connection it should be noted that a small 
blowhole is provided near the top of the barrel of a jack so that 
the water may escape through it when the ram is extended, instead 
of forcing the ram completely out of its cylinder. The jacks should 
never become extended far enough for the hydraulic water to 
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PLATE 6o. JACKING DOWN A 44-INCH CYLINDER 


I he small pipes at the right are the hydraulic lines coming from the accumulator. 

escape liom this blowhole, because when it does so escape, it very 
quickly cuts away the leather cup gasket. 

Where a large amount of jacking is to be done, it is advisable 
to use power-operated hydraulic pumps with or without the use 
of hydraulic accumulators. The use of mechanical power for the 
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most laborious part of a jacking operation leaves the men fresh 
and able for the other work. These pumps can be obtained for 
either gasoline, electric, steam or air power, and give good results 
even without an accumulator. With an accumulator, however, 
their use is vastly improved. Such a pump is shown on Plate 61. 

Hydraulic accumulators are mechanical devices for storing vary¬ 
ing amounts of water under very high pressures, say 5,000 or 6,000 
pounds per square inch. They have been extensively used for driv¬ 
ing shields in compressed air tunnels and are usually of the gravity 
type, in which a weight, usually a mass of iron, governs the water 


PLATE 6l. ELECTRIC HYDRAULIC 
PUMP 

This is a triplex pump with external valve 
chest. 


pressure. They are rather ponderous and it is impossible to install 
them cheaply and easily. A fine type of accumulator for under¬ 
pinning work, however, has been developed. It is pneumatically 
compensated, and is shown on Plates 62 and 63. Accumulators of 
this type are relatively light and very easily installed. They are 
made in either the vertical or the horizontal type and thus can be 
used where there is only a small area available or where there is 
only 5 or 6 feet of headroom. The water reacts against the head 
of the hollow piston rod attached to the piston running in the 
vertical cylinder, as shown diagrammatically on Plate 63. This 
cylinder is full of compressed air, at about 150 pounds’ pressure 
per square inch for 5,000 pounds’ pressure on the water, and is con¬ 
nected by piping to a compressed air receiver which serves as an 
air reservoir to control variations in the pressure of the compressed 
air. This piston, as the water is pumped in, is forced upward until, 
by an automatic trip, the hydraulic pump is stopped as the piston 
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PLATE C)2. PNEUMATIC-HYDRAULIC ACCUMULATOR 

A: Compressed air reservoir about 150 pounds per square inch. B: Compressed 
air cylinder. C: Movable hydraulic cylinder. D: Fixed hollow hydraulic piston. 

reaches the top of its stroke. In this movement, the volume of the 
compressed air system is reduced by about 5 per cent and therefore 
the pressure correspondingly rises. The moment any of the water 
is drawn off for jacking purposes the piston starts down under the 
action of the air, thus maintaining the water pressure and immedi¬ 
ately starting the hydraulic pump. Its advantage, of course, is that 
several jacking gangs can operate from one pump effectively, and 
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because of the air cushion a steady hydraulic pressure is maintained 
free from pulsations. This is especially desirable in testing. If the 
same power hydraulic pump were used alone without the accumu¬ 
lator, it could furnish water for only two jacking gangs, and not 
quite satisfactorily even for the two; but it would serve only one 
perfectly. 
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PLATE 63. DIAGRAM OF PNEUMATIC-HYDRAULIC ACCUMULATOR 

This is the vertical type. It is also made horizontal for use where less headroom is 
available. The moving piston, by automatic electric controls, stops and starts the 
hydraulic pump. 


MUCKING, JACKING, AND CONCRETING 

The muck is removed from the piles by means of earth augers, 
miniature orange-peel buckets, water jets, air jets, air lifts, and 
pumps. Most commonly, augers and orange-peel buckets are used. 
These implements are shown on Plates 64 and 65. 

The augers are of two kinds, the post-hole digger and the flat 
spiral, or pancake, type. They are connected to a muck stick of 
^4-inch pipe, cut into lengths of about 4 feet, with a universal joint 
at each connection so that they can be conveniently handled in 
a constricted space. They are most useful in digging ordinary soils 
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in the absence of water. When driven below water level, if the 
ground has a tendency to boil, piles are usually kept full or par¬ 
tially full of water to help minimize the loss of ground. Under 
these conditions a piece of leather, riveted across the upper side of 
the upper blades of the pancake auger, helps to prevent the muck 
from slipping off between the blades, but the presence of water 


PLATE 64. MUCKING TOOLS FOR SMALL CYLINDERS 

Left to right: Post-hole digger, section of jointed rod or mucking stick with uni¬ 
versal joint, pancake earth auger, orange-peel bucket, orange-peel bucket with 
ball weight, rock chisel, and combination compressed air and water jet. 

is apt to make the use of any type of auger unsatisfactory, because 
of the washing action. 

The orange-peel bucket, the one without the steel ball, as shown 
in Plate 64, is attached to a muck stick of the same type as the 
augers so that it can be pressed against the soil in the bottom of 
the pile, while the closing line is being pulled. This enables it to 
dig well and scoop up a good bucketful. A newer and very satis¬ 
factory type of orange-peel bucket is that to which the 12-pound 
ball is attached. This bucket is operated by two ropes, the lower- 
ing one being attached to the ball which, acting as a hammer. 
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drives die open prongs of the bucket into the soil before the closing 
or hoisting line is pulled. It is shown on Plate 64. These orange- 
peel buckets are very useful for recovering lost tools, for grasping 
small boulders, for digging coarse material, and for handling or¬ 
dinary soil in the presence of water. Where mucking is carried on 
below water level, however, the finer-grained soils are often washed 



PLATE 65. COMBINED AIR AND WATER 
JET 

Note the check valve in the water line. 


out of the bucket before it reaches the top of the pile. Then other 
methods, such as jetting, pumping, and so on, are resorted to. 

The augers are always operated and turned by hand, but the 
orange-peels are sometimes operated by the use of a niggerhead 
winch, for they are always hoisted by the flexible closing line. In 
any event, the line should be reeved through a pulley or well wheel 
over the pile to help lighten the labor of hoisting. 

When hand jacking and the mucking tools just described are 
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used to sink piles, about two-thirds of the time is spent in mucking 
and about one-third of the time in jacking. Therefore, attention 
was first directed toward improving the mucking devices, because 
of their relative importance, and for a while the value of power 
pumping was overlooked. Although the hydraulic hand pumping 
occupied only a third of the time, it was very exhausting. With 
the use of power, the full strength of the men is available for muck- 
ing and other operations. 

A water jet, if of sufficient volume and velocity, would, of course, 
remove the muck from a pile but, if not used in conjunction with 
pumps, it would wet up the pit and soften the ground through 
puddling and is therefore not recommended. Great care with a 
water jet is required to prevent scouring action below the bottom 
of the pile. This would leave voids outside the volume of the pile 
and would cause lost ground. 

The following method was devised for mucking material not 
too coarse and was very successfully used. The ground is loosened 
by a water jet; even when extremely tough this is sometimes pos¬ 
sible. (If necessary, a combined compressed air and water jet, 
which is shown in Plates 64 and 65, is used. It will be noted that 
the water comes through the line, on which there is a check valve 
just above its connection to the nozzle. Then every once in a while 
a blast of air at 100-pounds’ pressure is furnished through a quick¬ 
opening gate valve from the other hose line. This burst of air 
going through at a very high pressure loosens the earth which, with 
the water, is carried off by a pump, the suction hose of which is 
kept down in the pile.) The water is pumped out as fast as the jet 
introduces it, thus keeping the water in the pile constant at any 
desired level. The rate of jetting and pumping is regulated by 
suitable valves. The suction hose from the muck pump and the 
jetting and air lines go through a semicircular slot cut out of the 
jacking plate, as shown on Plates 58 and 66. The lines of hose 
should be carefully marked as to length so that a foot or so of muck 
can always be left in the bottom of the pile to avoid the possibility 
of scouring below the bottom of the pile and losing ground. If 
the ground should tend to boil up in the bottom, the pile should 
be kept completely full of water. A great advantage of this method, 
in addition to the saving of the manual labor in mucking, is that 
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the jacking and mucking can go on simultaneously. The dirty dis¬ 
charge water from the muck pump cannot, of course, be discharged 
into sewers or pipe lines, for it would soon plug them up; and it 
cannot just be dumped on the ground, for everything would be- 



PLATE 66. SIMULTANEOUS POWER MUCKING AND JACKING 


A: Steel wedges. B: Wedging I-beam. C: Steel wedging plate. D: Tested and 
wedged pile. E: Hydraulic line from pump. F: Hydraulic cut-off valve. G: Hy¬ 
draulic release valve. H: Flexible copper hydraulic pipe. I: Original foundation 
of structure. J: Mortar dry packing to give even bearing under foundation. 
K: Steel plate for jack reaction. L: Holding bolt for inverted jack. M: Inverted 
hydraulic jack with ratchet. N: Jack ratchet. O: Jacking plate cut to admit jet 
and suction hose. P: Water jet hose. Q: Mud pump suction hose. R: Pile being 
jacked down. 

come completely mucked up and the ground softened from the 
water. So a settling tank is used. The dirty discharge goes into the 
settling tank, which is periodically cleaned out, and the pump 
serving the water jet has its suction near the top of the tank where 
the water has been clarified. Thus, in a fashion, the water loops 
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the loop, depositing in each cycle its burden of soil. This also 
economizes the consumption of water, which in cities usually has 
to be paid for. 

The necessarily slow and expensive procedure of cleaning out 
the cylinders was eliminated to a large degree by the following 
novel method utilized when installing 500 underpinning cylinders 
for the St. Joseph’s Cathedral in Hartford, Conn. Shoes or points 
of cast iron and steel (Plate 67) to fit the bottom of each cylinder 
were designed of such strength that they would not fail while pene¬ 
trating the soft clay top strata of material but would fail when the 
cast iron shattered upon entering the much denser hardpan to 
which it was desired to transfer the building load. This procedure 

Rope to surface to remove 
plates after failure 


Cast Iron ring 

Shoulders cast on ring to 
hold shoe in place 

PLATE 67 . JACKING SHOES DESIGNED TO WITHSTAND JACKING FORCE 
AVERAGING 24 T 

I lates (c.i.) fractured at about 45 1, to 50 1, and were then removed. 

reduced the cleaning process to removing the cast-iron pieces and 
approximately two feet of the transition material by using the 
orange-peel bucket. It is important to note that conditions where 
such a procedure is adaptable are seldom encountered, because the 
soil penetrated must be soft, putty-like, and uniform, and the bear¬ 
ing strata be dense and unpenetrable; otherwise the elevation at 
which the cast-iron points will shatter cannot be depended on. 
Also care must be taken so that the material displaced by jacking 
blind” does not disturb the structure being underpinned, by 
heaving it up. In the case described, after installing about 200 of 
the 500 cylinders the portions of the structure with the lightest 
unit footing loadings commenced to rise, because of the “heave” 
of the clay, and the method was discontinued. 


















PLATE 68. DIAGRAM SHOWING SIMULTANEOUS POWER MUCKING AND JACKING 
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At piesent the ideal method of installing an underpinning pile 
is by using the simultaneous jacking and excavating method just 
described, including the use of power for muck and hydraulic 
pumps, pneumatic-hydraulic accumulators, and inverted hydraulic 
jacks fastened to the footing. The whole method is shown dia- 
grammatically on Plate 68. 

When open caissons three feet or larger in diameter are sunk, 
use may be made of the tools just described or larger orange-peel 
buckets. The most usual method is to dig by hand into small 
muck buckets, as shown on Plate 32. Access for the men is had 
by rope ladders. Plate 52 is a view looking down such a caisson, 
and Plate 60 shows the jacking rig. 

It is an interesting fact that, owing to the development of the 
use of power both for jacking and for mucking, and because 
the jacking and mucking can be made simultaneous operations, 
the cost of this work in the last thirty-two years has increased about 
100 per cent, while the rate of pay of the men engaged in it in New 
York City has changed for common laborers from $1.65 to $13.60 
per day, and that of the journeymen jackmen from $2.25 to $22. 

Piles up to 50 feet in length can be conveniently driven, and 
some piles as long as 90 feet have been installed. When they are 
home, that is, are down as deep as is necessary to go, they are 
concreted. This should be done with care, especially if there is 
water in the pile, for water is likely to wash out the cement and 
give a very poor result. Often in soft ground where the pile has 
not reached a stratum giving an effective cut-off, it is unwise to 
unwater a long pile, that is, below water level, because boiling 
might ensue with the attendant loss of ground. A seal of concrete, 
two or three feet thick, can then be placed under water by means 
of a bottom dumping bucket. When it has set, the water is bailed 
or pumped out and the rest of the pile can be concreted in the dry, 
using a fluid concrete. If it is inconvenient to wait for the seal to 
set, the pile can be completely concreted with the bottom dump¬ 
ing bucket. 

The bottom dumping bucket must be small in diameter, say 8 
01 9 inches, in order to fit in the pile and pass by the connecting 
sleeves, and may be 30 inches long. The usual form of construction 
is to have the bottom hinged, and to it, on the outside opposite 
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the hinge, is fastened the lowering line which runs up the outside 
of the bucket through a ring on the bail and thence to the top of 
the pile. Another line for hoisting is fastened directly to the ring 
on the bail. The concrete is placed in the bucket, the bucket low¬ 
ered by the lowering line until it is on the bottom, and then the 
hoisting line is pulled; the lowering line is released, and the con¬ 
crete gently flows out and is unaffected by the presence of water. If 
the bucket were made in the form of a true cylinder, the small 
diameter might cause the concrete to arch across its bottom so that 
it would not readily discharge. Therefore, it should be made in the 
form of a slightly truncated cone with the top an inch or two nar¬ 
rower than the bottom. A slightly fluid concrete should be used. 

TESTING AND WEDGING 

When the pile is concreted, it is next tested. This means that 
the piles are thrust down by means of hydraulic jacks into the earth 
and settled, unless they are on rock, until, by forming a bulb of 
pressure, they are able to sustain predetermined loads of perhaps 
40 to 80 tons or more without perceptible settlement. The test 
load is easily observed by means of the pressure gauge. In the 
ordinary method, after the pile has been concreted, a steel plate or 
cap about ^4 of an inch thick is placed on it to serve as a proper 
seat for the jack. Of course the reaction for the jack against the 
bottom of the footing should be reasonably smooth, or should be 
made so. The jack is then placed on the pile, blocked up against 
the footing, and the test load applied. The pile settles—perhaps so 
much that additional length must be added to it. When it holds 
its load satisfactorily, the jack is removed; as shown in Plate 69, it 
rebounds somewhat after being relieved of its load. It is then 
wedged up by means of an I-beam of a suitable size, cut with some 
care to insure reasonably square and even ends so as to give a good 
bearing on the pile cap and on the bottom of the footing. 
Milling the ends of the I-beams is quite unnecessary; a skilled me¬ 
chanic can do a very satisfactory job with a peening hammer. 
Wrought-steel wedges about i/ 2 " x 2" x 14" are then inserted and 
are driven home with an 8-pound hammer. In this way a load of 
about 8 to 10 tons can be transmitted again to the pile. 

If the pile is to carry 40, 50, or more tons (the usual load of 12- 
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or 14-inch piles in sand), it is now known that when this method 
of wedging is used, there must be further settlement before it can 
carry its load again, because its supporting bulb of pressure is 
impaired or destroyed by the release of the test load and the re¬ 
bound of the pile. In the past, this often caused very serious dam¬ 
age. Many years ago a building was underpinned in soft ground 


PLATE 69. TYPICAL PILE SETTLE- 
MENT CURVE UNDER REPEATED 
TEST LOADS 

Diameter of pile, 14 inches; material, 
coarse sand. 


for subway purposes, and the building continued to settle. Piles 
were added with great haste until there was practically no room for 
additional ones; all that could be done was to stand by and watch 
what happened. After another inch or so of settlement, making 
about 4 or 5 inches in all, the building came to rest. The action of 
the piles at that time was of considerable mystery, but it is now easy 
to explain what happened. The first pile was put down and tested 
to about 40 tons, but when the test jack was removed the pile re- 
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bounded. It was wedged up and, without further settlement, it 
could carry only about 8 or 10 tons. When the pit was enlarged 
for the next pile, the building had a slight settlement, from the 
loss of its previously existing foundation capacity, and this threw 
more load on the first pile which promptly started to settle. As it 
settled, of course, a bulb of pressure was formed. Then the second 
pile was jacked down. It probably went as deep or deeper than the 
first pile and the bulb of compressed soil at the base of the first 
pile was disturbed or destroyed, leaving the building with less foun¬ 
dation capacity than before, and further movement ensued. This 
second pile was then tested wedged up, and it in turn, because of 
the impairment of its bulb of pressure, owing to the rebounding of 
the pile and the release of its load, was good only for about 10 tons. 
Then, when space was made for a third pile, the existing founda¬ 
tion capacity was again diminished and the process was thus re¬ 
peated. Finally, when further work could not be done because of 
the lack of room for more piles, all the piles gradually went down 
as a unit, built up bulbs of pressure, and the building shortly came 
to rest. By very good fortune the structure was not seriously dam¬ 
aged, the settlement being moderately uniform, but the risk of 
damages under these circumstances is obvious. 

By the pretest 3 method now in use, as far as possible the bulb 
of pressure is never disturbed again, and every precaution is taken 
to that end. It is known from a series of careful experiments re¬ 
peated many hundreds of times, the results of one of which is given 
in the curve shown on Plate 69, that a pile not on rock or hardpan 
will settle repeatedly, with repeated applications of its load, when¬ 
ever by rebound of the pile its bulb of pressure is impaired. To 
prevent this, and also the settlement that accompanies it, a pile 
under test is now wedged up by the pretest method (which consists 
of wedging up the pile without releasing the test load), after which 
the jacks are removed. 

The three successive steps in wedging up a pile by the pretest 
method are shown in Plate 70. In Fig. 1 of that plate it will be 
noted that two jacks are placed in position on top of a suitable 
steel pile cap, after a reasonably smooth surface for wedging pur¬ 
poses has been obtained, generally by the use of a 34-inch steel plate 

3 The trade name applied to a method patented by Lazarus White. 
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backed up with mortar against the bottom o£ the footing. The jacks 
are then extended until the desired test load, usually 50 per cent 
in excess of the assigned load, is held by the pile without apparent 
settlement. 

After the pile has stopped settling from the application of the 
test load, the distance between the pile cap and the bottom of 
the footing is measured, and a suitable I-beam is carefully cut and 
placed in position between the two hydraulic jacks, which still 
maintain their test loads. When the I-beam is in position, the 
necessary wedges and filler plates are installed, and the wedges 
diiven home as tight as possible. This, of course, places an addi¬ 
tional load of 8 or 9 tons on the pile, if the water pressure in the 
jacks is maintained. When the wedges have been driven firmly 
home, the hydraulic pressure is released, the jacks are removed, 
and the completed cylinder with its wedging is left. The moment,' 
of course, that the pressure from the jacks is released, the pile im¬ 
mediately tries to rebound, but is prevented from doing so by the 
I-beam and thus the full load comes through the I-beam to the pile. 
Nothing human is perfect, and all the rebound cannot be pre¬ 
vented, but it is reduced from i / 2 or s / 4 of an inch to perhaps i/«* 
of an inch. 1 

Very often much more than a 50 per cent overload is used; 
sometimes 100 per cent or 200 per cent overload tests are made’. 
The usual factor of safety in engineering practice is 4, but it is 
often unsafe to go much above a 50 per cent overload test because 
of the possible danger of damaging the structure through its being 
underpinned by excessive concentration of stresses at a single point. 
Great care in this regard is necessary because of the ease with which 
great loads can be obtained with hydraulic apparatus and because 
of the fact that if a failure or break occurs, it is not in a laboratory 
specimen but in a useful structure. Another consideration of the 
amount of the overload to be used in a test is the possible effect on 
the soil at the base of the pile. For instance, if the piles rest on 
a relatively thin stratum of sand and gravel, underlain perhaps 
with clay, then excessive loads might cause the piles to puncture 
the layer of sand or gravel. They would then enter much poorer 
material, and subsequent settlement, which could have been 
avoided, might occur. The thin stratum may safely carry 100 per 
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cent or no per cent of the load of the piles but may fail under a 
load of 400 per cent. 

At this point it may be interesting to note how this method of 
wedging, with its concurrent theories of the bulb of pressure, orig¬ 
inated. A good many years ago one of the authors was engaged in 
underpinning operations and was greatly mystified by the erratic 
action of the buildings as well as the piles. It was customary in 
those days, in soft ground, to test piles up to 20, 30, and 40 tons, 
and one time upon being directed to test a pile up to the then 
unprecedented load of 80 tons, unprecedented at least to him, he 
was astonished to hear a loud noise like crackling masonry when 
the load was released. The noise, after several retests, it developed, 
came from the pile as its top arose out of the ground about one 
inch when the load was released. The noise was the scratching 
of coarse sand particles along the sides of the steel shell as it arose 
through the ground. The next year, while engaged in the under¬ 
pinning of the buildings along the route of the William Street sub¬ 
way, the importance of preventing this rebound was realized, and 
the pretest method was then devised and patented. This develop¬ 
ment excited some interesting discussions with the engineers in 
charge of the work, especially with John Madden, Assistant Divi¬ 
sion Engineer, and John F. Greathead, Section Engineer for the 
City of New York. The theory of the bulbs of pressure was de¬ 
vised and even the shape of the bulb was drawn by Mr. Greathead. 
It seemed to be, and still seems to be, a very reasonable explanation 
of the phenomena observed in underpinning. The work eventually 
led to the development of a new method of constructing founda¬ 
tions for buildings by starting a building without its foundation, 
but underpinning it during the course of its erection. This method 
permits the foundations and building to be constructed simultane¬ 
ously. It was patented and has been successfully used. 

This method of wedging appeared to offer a good solution for 
underpinning with steel piles, for it eliminated a large portion of 
the settlement and the most damaging part incident to such an op¬ 
eration. Within certain reasonable limits this proved to be the 
case. It also seemed to be a scientific method of determining the 
carrying capacity of a pile, and that consequently, if one pile could 
safely carry 50 tons, 10 piles would carry 500 even in soft ground. 







Fig. 2. While the 
full test pressure is 
maintained on the 
jacks, a steel I-beam 
is set on end be¬ 
tween the jacks, and 
steel wedges are 
driven between this 
wedging column 
and the steel plate 
under the founda¬ 
tion. 


Fig. 1. Testing the bearing capacity of 
a cylinder after it has been jacked down 
to firm bearing, cleaned out and con¬ 
creted. Cylinders are tested to over¬ 
load capacity, usually 50 per cent, using 
two hydraulic jacks. 


Fig. 3. Fhe jacks arc then removed, 
leaving a completed underpinning cyl¬ 
inder. This patented method of wedg¬ 
ing while the full test pressure is main¬ 
tained on the jacks prevents rebound 
of the cylinder and subsequent settle¬ 
ment. 


PLATE 70. PRETEST METHOD OF WEDGING UNDERPINNING PILES (PATENTED) 
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On that basis, a building on Sixth Street in New York City was 
underpinned. The ground was soft sand and clay, underlaid by 
a thick layer of peat, not disclosed by the borings. The piles were 
put in on about 3®"inch centers and were 19 inches in diameter. 
They were assigned loads of 50 tons each and were tested to 75 or 
100 tons apiece. The piles stood the individual tests satisfactorily. 
But when the building received its live load, it settled several 
inches, then stopped and came to rest. There was a great deal of 
consternation, of course, which gradually subsided with the ces¬ 
sation of the settlement of the structure. No harm had been done, 
for the building had settled uniformly. But it was very puzzling 
why 10 perfectly good piles, each of which it was known could 
carry 50 tons without settlement, could not carry 500 tons. Finally, 
it seemed that the bulbs of pressure must have overlapped, so that 
a fictitious result was arrived at by counting and testing the piles 
individually. Plate 71 shows the effect of interlocking bulbs of 
piessure. When these bulbs overlap, the overlapping portion of 
one pile must be useless, for the only thing that supports the piles 
is the earth beneath them, and it cannot be used twice for the same 
purpose. 

To get the desired capacity as nearly as possible under these con¬ 
ditions, group testing 4 was devised, by means of which steel piles, 
whose bulbs of pressure (primary bulbs) might overlap, are tested 
simultaneously so that one large bulb of pressure (secondary bulb) 
would be formed sufficient in extent to carry the loads of all the 
piles. (Primary and secondary bulbs of pressure are discussed in 
detail in Chapter VII.) It is not always possible to achieve this 
fully, because all of the piles under a column cannot always be 
simultaneously tested to substantial overloads without danger of 
lifting the footing or breaking it, but a modification of the method 
can be used. Suppose there is a row of piles, the bulbs of pressure 
of which overlap. The first three piles are tested simultaneously 
and they all settle. But when they come to rest, the first pile is 
wedged up and the jacks are removed from it and placed on the 
fourth pile. When that pile has its load, causing a slight further 
settlement perhaps on the third pile and a still lesser one on the 
second pile, the second pile is wedged up, and the jacks removed 
4 Patented. 
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from it and placed on the fifth pile, and so on, something like a 
game of leapfrog. This method has proved to be very effective 
When underpinning piles are completed and wedged up, the pits 
in which they are installed are usually filled with concrete and 
carefully dry-packed or grouted in order to insure a complete job. 
One of the drawbacks of doing this, especially in the case of soft 
ground, is that sometimes there is subsequent settlement of the 
piles for some reason or other, such as lateral movement, insuffi¬ 
cient bearing capacity, vibration, and so forth. If the pit has been 



PLATE 71. OVERLAPPING BULBS 
OF PRESSURE 


Without group testing, the center 
pile would be practically valueless 


concreted, the piles are of course inaccessible, and it is impossible 
without very great labor to reach them again in order to retest 
them. In connection with the Nassau Street subway, the bottoms 
of the pits for a depth of one to two feet only were concreted, form¬ 
ing what has been termed a “stabilizer band.” Later the wedging 
beams of each individual pile were encased, either with concrete 
or brick masonry. Plate 2 as well as Plate 72 shows illustrations of 
this method, together with the encasing masonry which enclosed 
the wedging, stabilizer bands, lateral bracing, and so on. The great 
advantage of this method is that, if the necessity arises, the masonry 
can be very easily removed, the hydraulic jacks replaced on the 
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piles, and further testing done. The stabilizer band tends to keep 
the piles at a fixed distance apart, thus helping to prevent jack¬ 
knifing and, in addition, gives a very satisfactory surface against 
which to brace to prevent lateral movement. 

The principal object of the masonry about the wedging is for 
the purpose of preventing the deterioration of the I-beams. In 


FLAiE 72. MASONRY ENCASEMENT OF WEDGING BEAMS AND STABILIZER 
BAND 


Brick masonry is sometimes used around wedging beams of underpinning piles 
in lieu of concrete. The air space will be backfilled with earth. The brick can 
easily be removed so that the pile can be quickly retested, should necessity arise. 
Note the inter-pile horizontal sheeting and the concrete stabilizer band, against 
which lateral bracing is placed. 


some cases, in lieu of masonry, the I-beams and wedges are merely 
painted with a heavy tar or asphaltic paint to protect them. 

In all cases, whether the wedging is merely painted or whether 
encasing masonry is used, any empty space should be filled with 
earth backfill in order to prevent, at least in subway work, the pos¬ 
sibility of pockets of explosive gases. This backfilling also prevents 
the loss of ground from underneath cellar floors of the buildings 
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after the wood sheeting, which was used for the purpose of digging 
the underpinning pits, has rotted to the extent that it can no longer 
retain the earth outside the pits. 

Decayed Tops of Wooden Piles .—As is well known, tops of 
wooden piles will rot away when the ground water has receded 
from levels which were formerly above the pile cut-off elevations. 
This is a common occurrence in large cities where over long peri¬ 
ods of time there is considerable pumping from wells and seepage 
into deep basements and subways. The rapid growth of air-condi¬ 
tioning installations which draw their cooling water from wells 
on the premises is aggravating this condition. 

The use of the pretesting process, with steel wedging beams and 
plates, is advantageous in restoring decayed wooden piles to safety 
and a long life. The ground is first drained to a sufficiently low 
level by one of the methods described previously; approach pits are 
dug at separated locations and the wooden piles are successively 
cut off at what is deemed to be below any future ground water 
level and are then capped with a steel plate. Hydraulic jacks are 
next set up, and the pile is pretested with a wedging beam left in 
place. This work proceeds from pile to pile and to complete the job 
masonry is placed about the wedging system. See Plate 73- 5 Not 
all the wooden piles had to be so restored, because the pretesting 
showed that the bearing power of the piles was so good that the 
load could be carried by 65 piles instead of the 81 originally in¬ 
stalled. 


COMPRESSED-AIR CAISSON UNDERPINNING 

Compressed-air caissons, or the pneumatic type of underpinning, 
must be used under important and heavy structures when an ac¬ 
ceptable bearing strata cannot be reached by open pier or cylinder 
methods because of water conditions, or because of obstructions in 
the ground which prevent jacking or driving pipes or cylinders to 
the required depth, and which render open-pit excavation impos¬ 
sible. Pneumatic cylinders are most economical when founded on 
rock rather than on hardpan or a stratum of lesser bearing capacity. 
The engineer and contractor should carefully consider the condi- 

5 “Underpinning 175-ft. Operating Smokestack,” Albert Di Giacinto, Power, Sep¬ 
tember, 1946, p. 82. 














Fig. 1. Typical specimens of rotted sections of piling, some of which were so com¬ 
pletely worn away as to give no support at all. By cutting off the piling just below 
the rotted section, the sound portion left made a good I-beam base. 
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Ground surface 
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Fig. 2. Above: Octagon-shaped concrete-filled pad with I-beam-topped pilings under 
the existing foundation. Replaced and tested pilings are indicated. Below: The 
sump device lowers ground-water to permit the underpinning work. 


PLATE 73. UNDERPINNING 175-FOOT OPERATING SMOKESTACK 
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tions to be encountered, in order to select the most efficient type 
of underpinning. If the foundation of the new structure, which 
necessitates underpinning of adjacent property, is of a pneumatic 
type, the plant requirements for the pneumatic underpinning 
cylinders are available, and this may influence their use in prefer¬ 
ence to some other type of underpinning which might be quite as 
adequate and satisfactory. If such plant and accessories are not 
available, then very often the installation is costly. 

Pneumatic underpinning cylinders are not now extensively used, 
although they were quite common in past years. They were in¬ 
stalled in New York City under the Mills Building during the 
construction of the J. P. Morgan Building foundations in 1913-14 
and were removed as part of the excavation for the basements of 
the Equitable Trust Company Building, in 1926. They were also 
used to underpin the old Bank of Manhattan Building on Wall 
Street during the installation of the foundations of the Bank of 
America. These latter cylinders have in the past year been exposed 
and used as part of the foundations for the new 67-story Bank of 
Manhattan Building. Another installation was made under the 
Kuhn-Loeb Building during the Bank of New York and Trust 
Company Building construction. The use of pneumatic caissons 
has certain physical drawbacks. Very often it is unsafe to dig under 
the footings of a building a pit large enough to give sufficient work¬ 
ing room for a caisson. Then a niche is cut in the walls. Most im¬ 
portant is the fact that nearly always the ground is much more ex¬ 
tensively disturbed than when other methods are used, because of 
the escaping compressed air from the working chamber. This 
causes disturbance and damage to structures in the neighborhood. 

The cylinders may be either of cast iron or steel. When of cast 
iron, the shell is from il / 4 to U / 2 inches thick and the outside di¬ 
ameter is 38 inches or more. In the case of steel, the shell is usually 
3 / 8 of an inch or more in thickness, welded or plate connected with 
countersunk rivets. The cast iron has been more commonly used 
and is preferable, but on account of the expense and time required 
m making the special castings, it has yielded somewhat to the use 
of the steel shell. On the other hand, some difficulty has been 
found during the sinking of the steel cylinders, in holding them 
true to line and shape. Not having the stiffness of cast iron, the 









PLATE 74. COMPRESSED-AIR CAISSON UNDERPINNING 
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steel shells under heavy jacking loads, and when in materials con¬ 
taining boulders or other obstructions, have a tendency to distort. 

The method of installation may best be described by amplifying 
the illustration shown in the accompanying drawing (Plate 74). 
An approach pit is dug adjacent to the footing to be underpinned, 
hem which a pit about 5 feet square and 8 feet deep is excavated 
under the footing. The water is lowered and held at the pit sub¬ 
grade by a continuous pumping operation. The first section of the 
cylinder, or the working chamber, is then set in its proper location 
and leveled. The working chamber section is now jacked into the 
ground, a man meanwhile excavating the materials within the 
cylinder. This is known as “ditching the working chamber.” 

When the roof of the working chamber has reached the subgrade 
of the approach pit the second section of the cylinder is attached 
This is known as the lock, and lias a diaphragm and door attached 
at the upper end. The working chamber and lock sections are each 
usually 6 feet long, while those subsequently added are about 4 
feet long. As soon as the lock section is bolted in place, and air-pipe 
and electric-light conduit connections are made, and the com- 
piessed air may be “put on.” The air pressure increases directly 
with the waterhead at the excavation level in the working chamber 
the legal limit in New York State being 5 o pounds per square inch 
or the equivalent of a head approximately 115 feet. The cylinder 
is jacked down, additional sections being added as required, until 
the cutting edge has reached a seal in the hardpan or in the rock, 
material being excavated by hand and hoisted through the lock 
As will be noted in the diagram, Plate 74, at each end of each 
section an internal flange is either cast or riveted to the shell; this 
Hange is for the purpose of connecting the sections. In the case of 
the working chamber a 3" x 5" or 4" x 6" angle is bolted to the 
lower flange, to act as the cutting edge. A diaphragam is bolted 
to t le upper flange to which a 28- or 30-inch circular door is at¬ 
tached. These doors are split so as to facilitate their installation 
and removal, and are operated by hand and held in place by the 
differential in the air pressure on either side of the door. The 
cylinder sections are bolted through the flanges, a piece of 14-inch 
rubber hose being placed between the flanges, to act as a gasket. 
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In one important installation, reinforced concrete was used for 
the caisson in place of steel or cast-iron sections. 

The jacking is done by two or more screw or hydraulic jacks, the 
load being distributed on the shell by means of I-beams or plates 
and the weight of the structure to be underpinned being used as 
the jacking resistance. When the jacks are to be removed, the shell 
is braced, if necessary, by struts against the existing footing, to take 
the air-pressure uplift against the lock or working-chamber roof. 

When the cylinder has been excavated to rock and the rock has 
been cleaned, stepped, or benched as required, the space from 
the rock surface to approximately three feet below the roof of the 
working chamber is concreted. The concrete, passing through the 
lock and being placed under air, is allowed to set for from 24 to 36 
hours with the full air pressure on so as to prevent any water from 
working its way up through the green concrete. After this setting 
period, the doors to the working chamber and the lock are re¬ 
moved and the remainder of the cylinder is concreted. The final 
operations are the installation of plates or grillages on top of the 
cylinder, the wedging up of the cylinder (thereby transferring the 
load from the existing footing to the rock), and the backfilling of 
the approach pit. 

There are several factors to be taken into account when deter¬ 
mining the carrying capacity of the completed cylinder. The com¬ 
mon basis of design is to allow 500 to 600 pounds per square inch 
on the concrete area and 6,000 to 8,000 pounds per square inch on 
the cast-iron or steel shell. This would imply either that the shell 
must bear directly on the rock or that its portion of the load must 
be distributed by means of a grillage. The former is practically 
impossible on account of the irregularities of the rock surface. 
When the cutting edge is stopped in the hardpan in order to bell 
out for an increased bearing area, grillages under the cutting edge 
have been used, but the difficulties involved in getting a proper 
bearing of the shell on the grillage, the loss of time in placing the 
grillages, and the considerable expense in placing them and main¬ 
taining the air pressure during this operation, have generally led 
to their omission. 

Some engineers believe (1) that these cylinders should be de¬ 
signed as reinforced concrete columns with the shell acting as hoop 









PIRATE 75. PRETESTING A 1 , 200 -TON COLUMN FOOTING TO A 90 PER CENT 
OVERLOAD 


n. ,^ raUl , C PI1 \ C accumulator. B: Hydraulic valves. C: Pressure gauges, 

fol.unn H si 5 '. hydraulic hand pumps. F: Hydraulic jacks. G: 1,200-ton sfeel 
column. H Steel wedges. I: Steel bdlet. J: Concrete spread footing. K, L- Steel 
slums or filler plates. M: Flexible copper hydraulic lines 
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reinforcement, (2) that below the cutting edge longitudinal and 
spiral reinforcing bars should be used in lieu of the shell, and (3) 
that the concrete should be a fairly rich mixture, using one of the 
acceptable brands of high early-strength cement. 

In general practice, a load of 250 to 500 tons has been allowed 
on 36-inch or 38-inch cylinders, depending on whether it is pos¬ 
sible to bell out at the bottom of the caisson so as to reduce the load 
to 40 or 50 tons per square foot on rock such as hard mica schist. 

PRETESTING FOOTINGS 

Every spread footing is very much like an underpinning pile. It 
rests on its own bulb of pressure formed from the slight settlement 
of the footing during the erection of the structure. It may have 
settled 1/2 inch or 1 inch or 2 inches, or even, as has been cited, 
6 or 7 feet. 

In the case of a building that is settling, if it is unwise or unsafe 
to dig or work under its footings, or if no strong stratum is within 
reasonable reach for pile underpinning, it is often possible to pre¬ 
test a footing directly. By using the weight of the building as a 
reaction, a test load by means of jacks can be exerted against the 
top of the spread footing until settlement ceases, and then the space 
between the base of the building or its columns and the footing can 
be wedged and filled up and the jacks removed. Thus, such settle¬ 
ment of the footing as may be necessary to enable it to carry its 
burden, with no further settlement of the building, can be accom¬ 
plished without any damage to the superstructure. This method 
has been repeatedly and successfully used. 

In the case of a wall, the pretesting is generally done by cutting 
holes through it at proper intervals, inserting needle I-beams 
therein, and then using these beams as a reaction for the jacks 
which press the spread footing down. In the case of a steel column, 
it is possible to fasten to it plate girders and combinations of 
I-beams in such manner as to resist a reaction sufficient to jack the 
footing into the ground. Plate 75 shows a spread footing being 
treated in this manner. The footing supported a 1,200-ton column 
of a 28-story building and was jacked into the ground 8 inches after 
a previous settlement of about 6 inches. The steel column itself 
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was lifted about i/% inch in the process. A 30 per cent overload was 
used and the test was continued for about a week. The rule 
adopted in this case was that the load should be applied until 48 
hours had elapsed without any settlement of the footing under test. 
A level was set up and kept in one position so that small changes in 
elevation could be noted. 

At all times, the space between the steel billet and the base of 
the structural steel column was kept filled with steel plates and 
wrought-steel wedges so that, should a hydraulic line break, the 
column could not fall. These filler plates were made about 5 inches 
wide and the wedges about 2i/£ inches wide, the width of two 
wedges covering one filler plate. This scheme was adopted to per¬ 
mit the removal of one set of wedges at a time so as to add more 
filler plates as the footing settled. The filler plates were of various 
thicknesses, from s / 4 inch down to i / 8 inch, to facilitate the taking 
up of the settlement. 

Occasionally, there is doubt as to whether a contemplated exca¬ 
vation will affect a spread footing or not, in which case this method 
of handling columns may be useful. The beams could be put in 
and, if any movement in the footing did develop, pretesting could 
be resorted to and expensive underpinning avoided. 

SHEETING 

As has already been mentioned in Chapter I, it is often necessary 
to provide a cut-off to prevent the loss of soil from underneath the 
interior of a building after it has been underpinned. This, of 
course, is only when the underpinning has been installed for the 
purpose of permitting some kind of excavation to be made, such 
as, for instance, the excavation of a deep basement near or alongside 
it, or the construction of a subway or sewer near by. 

For this pui pose, when the line of excavation is some distance 
away from the underpinning, ordinary wood sheeting, tongue-and- 
grooved, or interlocking steel sheeting may be used, depending 
upon the necessities of the case. If ordinary dry earth is to be held 
in position, then ordinary wood sheeting is used. When the exca¬ 
vation is to be carried a moderate depth below water level, wooden 
tongue-and-grooved sheeting is used; while for deep excavation 
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below water level, in general, interlocking steel sheet piling is cus¬ 
tomary. 

When the excavation is carried below water level, the steel or 
tongue-and-grooved sheeting acts as a tight cut-off, for very little of 
the water retained in the ground can leak through. The object is 
to make a tight cut-off so as not to lose ground. This very often 
causes very heavy pressures on the sheeting because of the fact that 
the ground is in a semifluid condition, and furthermore, unless the 
sheeting is driven, sometimes to an excessive depth, in the ground 
to some tough, firm stratum so as to give a good cut-off, the differ¬ 
ence between the head of the water in the cut and the water behind 
the sheeting causes boils with their attendant evils. 

When the excavation is near, or extends to, the underpinning, it 
is very often inconvenient to drive vertical sheeting because of the 
proximity of the structure. But even if this were not the case, the 
use of horizontal boards for sheeting, as described in the sinking 
of underpinning pits, is very often much more efficient than the 
other types of sheeting for safeguarding the interior of a building. 
This is because the sheeting can usually be installed without loss of 
ground, and is completely out of the way of any work that has to 
be done. This horizontal sheeting can be put in, spanning from 
one underpinning element to another — say from one underpinning 
pit to another or from one underpinning pile to another. Sheeting 
of this sort has been termed “inter-pile” or “inter-pit” sheeting and 
is shown on Plates 72, 76, 77, and 78. One of its advantages, in 
addition to its compactness and efficiency, is the fact that it is po¬ 
rous; if character of the ground prevents installation below ground 
water level, inter-pile sheeting is often very effective. When used 
under these conditions, it usually must be packed with salt hay to 
prevent the running of the soil. Its great advantage is the fact that 
it does not build up a head of water behind it, and permits what 
water there is to weep through its interstices and through the salt 
hay without the loss of ground. This consolidates the ground be¬ 
hind the sheeting and very greatly reduces lateral pressure, which 
has to be held by bracing. Even more important is the fact that by 
preventing a difference in head in the water on either side, it pre¬ 
vents the occurrence of boils. 









Fig. 1. Cross section. 
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PLATE 76. INTER-PILE SHEETING 
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PLATE 77. EXAMPLE OF INTER-PILE SHEETING, SIXTH AVENUE SUBWAY, 
NEW YORK, 1937 

A: Grillage of I-beams supporting columns of building. B, C: 14" steel pipe under¬ 
pinning piles. D: Timber supporting street decking beams above. 
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A more recent refinement of inter-pile sheeting now allows the 
face of the wood sheeting to be placed almost exactly on a property 
line, with a consequent saving in excavation and concrete where 
a wall is to be formed against the sheeting. This is done by one of 
three methods: (1) by means of angles welded to the short sections 
of pipe before they are jacked into the ground; (2) by means of 
bolts, which are welded at suitable intervals to the sides of the 
underpinning piles exposed as the excavation proceeds downwards, 
and which are then used to tie back small channels or angles hold¬ 
ing the ends of the wood sheeting; (3) by means of a tee welded 
to the underpinning pile. See Plate 76, Fig. 2. 

The first method is applicable only to the softer grounds such as 
peat, soft clay, and silt, because otherwise the projecting angles 
may offer too much resistance for jacking. 


PLATE 78. EXAMPLE OF INTER-PIT SHEETING, SIXTH AVENUE SUBWAY, NEW 

YORK, 1937 

Note steel angles placed oil net line of structure to hold horizontal boards. 
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A very interesting experience in connection with sheeting oc¬ 
curred in the construction of the Nassau Street subway. The un¬ 
derpinning by means of piles had been completed, and it was 
necessary to dig the subway cut. In addition to the normal subway 
section, part of the work consisted of a deep or depressed single 
track alongside the underpinning of the buildings, and well below 
ground water level, in a very fine grained mixture of sand and clay, 
the proverbial New York quicksand. It was decided to use inter¬ 
pile sheeting along the underpinning and to drive 22-pound steel 
sheeting on the other side of the cut, the cut being about 15 feet 
wide. It was surprising to find that subgrade was easily reached by 
the use of inter-pile sheeting, while the other side of the cut, where 
the steel sheeting had been driven down four or five feet below sub¬ 
grade, gave a great deal of trouble from boiling. In other words, 
the steel sheeting did not allow the soil to become compact by 
drainage, and induced boiling. 

The procedure was then modified. Twelve-inch I-beams were 
burned in two pieces through the web, making T-bars which, at 
5-foot centers, were driven vertically into the ground in lieu of the 
interlocking steel sheeting. Then, as the cut progressed, inter-pile 
sheeting was put in from one T-bar to the next, as in the case of 
the underpinning piles. The T-bars were braced to prevent lateral 
movement and the excavation proceeded much more easily than 
when the steel sheeting had been used, no boiling being evident. 

In a later subway construction on Sixth Avenue, a night fore¬ 
man, contrary to instructions, in an effort to make rapid progress 
in excavating in the same material a few feet to subgrade, changed 
from open horizontal inter-pile sheeting to tight vertical wooden 
sheeting. The results were nearly disastrous. By morning the 
ground was boiling, and settlements of as much as two inches had 
occurred in the underpinning piles, resulting in considerable 
cracking of the adjoining buildings. 0 

There is one important precept to be observed, whenever pos¬ 
sible, when using any kind of sheeting in connection with under¬ 
pinning work; that is, provision should be made to backfill behind 

° See Cofferdams, by White and Prentis (2d ed., New York, Columbia University 
Press, 1950). 
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it in case any ground is lost. The loss of ground in this sense is not 
confined to that which might leak through the sheeting or come up 
below it through boils. The equivalent of lost ground may very 
easily occur by the compression which takes place in the lateral 
braces when the load begins to accumulate, as well as by settlement 
in the foot blocks of inclined braces as the excavation proceeds. 
This permits the sheeting to move laterally, which space, of course, 
is normally filled up by a corresponding movement of the ground. 
It has been found most useful, therefore, where high banks are to 
be held or where heavy loads are likely to come on the lateral 
braces, to pretest them in order to settle the footings which support 
them, and to take up all the compression in the timber system be¬ 
fore nature does it by movement of the ground. H-beam shores, 
welded to wales or soldier beams, may be utilized most economi¬ 
cally to accomplish this. 











IV. Examples of Underpinning 


PIT UNDERPINNING 

N ew York Times Annex . — This building was erected at Dean 
Street and Third Avenue, Brooklyn, New York, in 1930; along¬ 
side it, there was a 3-story brick structure to be underpinned. The 
building, together with its underpinning, is shown in Plate 79. 
The particular interest in this job is that it involved the type of 
underpinning most frequently encountered — simple pit under¬ 
pinning, required because of excavation and foundation work for 
a new building designed to go deeper than its old neighbor. The 
White House in Washington, D. C., for different reasons is now 
(1950) being underpinned, under the supervision of the authors, 
in a similar manner except that the underpinning pits form a 
continuous wall. 

The geological conditions were favorable for the work — the 
ground was sand, easy to dig, but contained enough cementing ma¬ 
terial to cause it to stand fairly well. An unsupported earth bank, 
slightly sloped but about 20 feet high, can be seen at the left side of 
the illustration. The ground is a glacial moraine and contains a 
few very large boulders. They presented no difficulty beyond a 
little hard work to break them up, because the work was all done in 
the dry, that is, above ground water level. 

The foundations and excavation for the new building went 
about 25 feet below curb. This required the underpinning pits to 
vary from 18 to 25 feet in depth, depending on the elevation of the 
existing footings of the wall. The underpinning plan, as carried 
out, called for 11 underpinning piers in too feet of wall, about 5 
feet long, 3 feet thick, and the necessary depth as stated above. 
They were carried down about one foot below the excavation level 
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requiied for the new building. The space between pits was sheeted 
with horizontal inter-pit sheeting, clearly shown in the illustration. 
About 55 linear feet of the wall was carried on the underpinning 
piers; the remaining 45 feet arched itself over from pit to pit, the 
earth bank underneath being held by the inter-pit sheeting. A 
twelfth pier was installed under the rear wall (at the left of the 



PLATE 79. PIT UNDERPINNING ON THE NEW YORK TIMES ANNEX, BROOK¬ 


LYN, NEW YORK 

Note the horizontal pit-board marks on the underpinning concrete and the inter¬ 
pit sheeting. 

illustration) to protect it in case the high unsheeted earth bank at 
that point should slide into the cut. 

The first step was to excavate with a steam shovel alongside the 
wall to a depth of a foot or so above its foundation. Then, from 
approach pits, the underpinning pits were sunk by the horizontal 
pit-board method, the marks of which are clearly visible in the con¬ 
crete of the piers. About three pits, as widely separated as possible. 
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were sunk at a time. Then when they reached the proper depth, 
they were concreted to within a few inches of the bottom of the 
footing, and after the concrete had set they were dry-packed. 

When all the underpinning piers were finished, the excavation 
for the new building proceeded with the steam shovel, and the 
inter-pit sheeting was installed as the bank was exposed. The sheet¬ 
ing was held in position by toenailing into the horizontal pit boards 
on the sides of the underpinning piers and by vertical cleats nailed 
to the same boards, the inter-pit sheeting being set three inches back 
from the face of the underpinning. (These vertical cleats can be 
seen in the illustration.) This provides very secure sheeting and 
we have never known a slide to occur when it was used. Of course 
the bank is held by a bond between the horizontal side pit boards 
and the underpinning concrete; this bond is fairly strong because 
of the cleats nailed in the inside corners of the underpinning pits 
during sinking and subsequently imbedded in the concrete. If 
desired, the bond can be strengthened by driving twenty-penny 
nails halfway into each side pit board before concreting, leaving the 
heads protruding. The pit boards were two inches thick and the 
inter-pit sheeting three inches thick. The work was installed with¬ 
out damage to the structure and in about three weeks’ time, with 
work progressing in three places at once. 

This underpinning is of the interrupted pit type. If the building 
had been heavier, a continuous underpinning wall would have 
been used. Should this have produced excessive bearing loads on 
the supporting soil, then the pits would have been belled out at 
the bottom or supplemented with the necessary pretest piles. 

Grain Elevator, Winnipeg, Canada .—A very interesting and 
unusual underpinning operation was performed near Winnipeg, 
Canada, in 1914. A million-bushel-capacity grain storage elevator 
had been constructed there, in line with the usual practice in the 
territory, on a mat foundation on clay, the pressure under the mat 
being about 3.3 tons per square foot. The clay was saturated with 
water and was about 54 feet deep, underlaid by limestone rock. 
The elevator consisted of a (1) “work house” 70 by 96 feet, by 180 
feet high, containing elevating and conveying machinery, scales, 
and so on, (2) a “binhouse” 77 feet by 195 feet, by 102 feet high, 
containing sixty-five circular storage bins 92 feet high, with the 
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necessary conveyor tunnels below and penthouse above them, (3) 
and two smaller buildings. 

When the bins were first filled in 1913, the binhouse began to 
settle and to incline to the west, with the result that at the end of 
24 hours it was 26° 53' out of plumb, the east side of the mat foun¬ 
dation being 5 feet above its original grade and the west side 29 
feet below original grade. The structure was also 4 feet lower at 
the north end than at the south. The other buildings of the group 
were slightly affected. When empty, the binhouse weighed about 
20,000 tons. At the time of settling it contained about 875,000 
bushels of wheat, weighing another 22,000 tons. 

After the grain had been removed, the structure was under¬ 
pinned and righted by installing concrete piers to rock, rotating 
the structure and concreting the space between the tops of the piers 
and the mat foundation. The position of the binhouse changed 
somewhat during the work of sinking the piers, slight additional 
settlement occurring. Its position after the piers had been con¬ 
creted, but before the structure was righted, is indicated in Plate 
80, which is a cross section through the structure. 

Five rows of piers (G, H, I, J, and K) were sunk through the 
overlying clay to rock, fourteen piers in each row, under the trans¬ 
verse dividing walls between bins. These were sunk as open wells 
and were lagged by the Chicago well method. A considerable vol¬ 
ume of water was encountered at the top of the rock, and the 
crowded conditions of working under and through the foundation 
mat hampered the operation. Pusher braces were installed on both 
the east and the west sides to control lateral movement. 

As the pier holes were sunk and concreted up to the grades in¬ 
dicated on Plate 80, blocking and screw jacks of 50 tons’ capacity 
were placed on them and tightened up to maintain the position of 
the structure. As this work neared completion, a part of the mate¬ 
rial between pier holes was removed, particularly between the J 
and K rows. 

When all piers had been concreted, a system of oak rockers was 
installed on the center (I) row of piers to act as a longitudinal 
fulcrum about which to rotate the structure. The estimated load 
on each pier before starting the righting is indicated on Plate 80. 
By means of the screw jacks on the two east rows of piers (J and K) 
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and similar jacks on the clay between the piers, the binhouse was 
rotated about the rockers on the center (I) row, 388 screw jacks 
of 50 tons’ capacity being used. Blocking was, of course, removed 
from the tops of the piers of the G and H rows as the structure was 



Section through Binhouse of Winnipeg Elevator 

Courtesy Foundation Company 

PLATE 80. UNDERPINNING A LARGE GRAIN ELEVATOR AFTER SETTLEMENT 

rotated, and blocking was built up on the west side of the axis to 
hold all gains. 

When the inclination had been reduced to 8° 30', jacking opera¬ 
tions were stopped temporarily and a set of rockers was installed 
on the H row of piers. Additional jacks were then installed in the 
center (I) row of piers and jacking was resumed with 420 screw 
jacks. This was done in order to raise the structure to a higher 
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elevation. Jacking was continued until the binhouse was practi¬ 
cally level from east to west, but no attempt was made to correct 
the comparatively slight inclination from south to north. In its 
final position, the structure is approximately 14 feet lower than its 
original position. 

When the righting was complete, the jacks and blocking were 
removed from isolated piers and reinforced concrete was substi¬ 
tuted, the process being repeated until all piers were so treated. 
The necessary adjustments of the mechanical equipment were then 
made to fit the new level of the binhouse. 

24-story Office Building, Sdo Paulo, Brazil .—A somewhat similar 
job was recently done in righting this building. Here, the water¬ 
bearing ground precluded the use of open piers to firm material. 
The Engineering News-Record described the work as follows: 

A 24-story office building in Sao Paulo, Brazil, that leaned more than 
2 ft. out of plumb when one corner of the foundation settled, has been 
righted by ingenious means involving the freezing of subsoil, installa¬ 
tion of deep concrete piers and hydraulic jacking. At the end of August, 
after 21 months of work, the building had been pushed back within 
Vi in - of its original plumb condition. 

A 300-ft. high reinforced concrete frame structure, the building had 
almost reached completion in July, 1941, when it was discovered by 
elevator installation engineers that it had settled at one corner. The 
movement was such that the building was 25.5 in. out of plumb on 
the street side and it also leaned 23.6 in. toward the side adjacent to the 
excavation being made for another building. Investigation showed that 
this new excavation had started movement in a lense of fine, wet sand 
surrounding a group of concrete piles that supported one corner of the 
building. 

Initial efforts to halt the settling included first the use of cement 
grouting, which was unsuccessful, and then injection of an aluminum 
salt in an effort to coagulate the soil; this latter method likewise proved 
futile. This led to the decision to freeze the soil, using for this purpose 
160 double-walled circulation pipes, of 2 and 4 in. diameter, respec¬ 
tively. These pipes were driven to a depth of 60 ft. into firm ground 
that lay beneath the lense of quicksand, which was quite close to the 
ground surface. 

Following an 8 months’ period of circulating brine solution through 
t le pipes the block of ground was frozen to a temperature of minus 
20 deg. C. Holes of about 4 ft. diameter were then excavated through 
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the basement of the building down into the frozen block into the firm 
soil. These holes, located adjacent to the columns of the building were 
then filled with concrete to form piers. 

The piers, poured to an elevation slightly below the existing column 
footings, served to support hydraulic jacks. The concrete used in the 
piers contained an admixture of calcium chloride to accelerate setting 
which otherwise would not have taken place under the abnormally cold 
temperature prevailing in the frozen ground. Incidentally, the cold 
was so intense that the jack hammer chisels used for making the exca¬ 
vation became so brittle that they frequently broke after a few minutes 
of use. 

A total of 40 jacks, ranging in size from 100 to 950 tons each, were 
employed to right the building. Numerous small cracks have appeared 
in the plastered brick walls of the building, but it is believed to be 
structurally sound. The cost of realignment work will total about 50 
percent of the original construction cost of the building. 1 

In the United States, chemical consolidation of water-bearing 
ground or freezing is very seldom used because of the time and ex¬ 
pense involved. It is more common practice here to resort to drain¬ 
age of the ground by well-points, predrainage sumps or similar 
methods (see Chapter III). In Europe, however, chemical con¬ 
solidation 2 is frequently used. 

Washington Monument, Washington, D. C .—The construction 
of this great monument was begun in 1848 and was stopped at the 
height of about 150 feet because of the lack of funds. When con¬ 
struction was resumed in 1873, it was discovered that the founda¬ 
tions were inadequate. The monument was then underpinned and 
completed to 555 feet in height. 

The original foundation was 80 feet square at the base and 23 
feet thick, built of rubble masonry, in the form of a truncated 
pyramid with stepped sides as shown on Plate 81. It was founded 
on a compact stratum of fine dry sand and gravel, which in turn 
rests on a stratum of sand and gravel at about the level of mean 
high tide in the Potomac River near by. The weakness of the old 
foundation was that its area was too small to sustain the load. The 
underpinning consisted, first, of enlarging the foundation by 

1 Oct. si, 1943, p. 113. 

2 The Joosten Chemical Consolidation Process (a commercial publication of John 
Mowlem & Co. Ltd., London, England). 









TLATE 8l. UNDERPINNING THE WASHINGTON MONUMENT, WASHINGTON, 
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means of a concrete slab so as to provide sufficient bearing area, 
and, second, of constructing buttresses in niches cut in the original 
masonry so as to transmit the load to the new mat. The new slab 
was 13 feet 6 inches lower than the old footing and, according 
to recent borings, is supported by a mixed layer of sand and gravel 
about 40 feet thick, below which there is a layer of plastic clay or 
river silt about 25 feet thick reaching to rock. 

This concrete underpinning slab was placed in pits about 4 feet 
wide and 41 feet long, extending 18 feet under the footing as shown 
in the illustrations. Two such pits were first opened at once, on 
opposite sides of the monument, removing a total of about 144 
square feet of its bearing area. The settlement was so rapid that 
only one pit at a time was sunk thereafter, and was concreted be¬ 
fore the next pit was opened. When completed, this concrete mat 
was about 127 feet square and 13 feet 6 inches thick. Of the orig¬ 
inal bearing area, 70 per cent was removed and replaced with con- 
ciete in this operation. During the underpinning, the monument 
settled from iS / 4 inches to 2% inches, which had the effect of 
correcting a slight leaning of the column to the northwest. 

The second operation consisted of cutting away portions of the 
original rubble foundation in the form of niches and then pouring 
concrete buttresses to spread the load from the monument to the 
new footing. The steps in this operation are shown in Plate 81. As 
finally completed, the foundation was increased from an area of 
6,400 square feet to 16,000. The monument with its foundation 
weighs about 118,000 tons. 

The construction of the monument then proceeded and was 
completed without any further trouble. 

Metropolitan Telephone Building, New York City .—Toward 
the lower end of Broad Street is this old-fashioned 10-story build¬ 
ing with column loads of about 250 tons each. It fronts on the 
subway which was constructed in Broad Street in 1929 and is about 
eight feet away from it. The relation of the building to the sub¬ 
way, its old foundations, and the netv underpinning are shown on 
Plate 82. 

The building was erected on a foundation consisting of a heavy 
concrete mat extending several feet below the then existing ground 
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water level, supported by about 20 or 30 small wooden piles at the 
location of each building column. When the subway was built, 
because of previous building operations in the neighborhood the 
ground had very considerably dried out and the water level had 
fallen 6 or 8 feet. Immediately underlying the foundations and 
extending down 15 feet was a compact mixture of blue clay and 
fine-grained sand with some water. Below this was a layer of hard- 
pan about 12 or 13 feet thick which, in turn, rested on rock. The 
wooden piles had been driven to the hardpan. The subway ex¬ 
tended a depth of 30 feet below the foundations of the building 
and, as it was only 8 feet away, it seemed prudent to carry the 
underpinning to rock instead of resting it on the hardpan as is 
often done. 

The general method of underpinning was to put a masonry pier 
directly under each column, extending down to rock. The original 
plan was to dig underneath to the center of the footings and put 
down the open piers about 4 feet square. It is very probable that, 
even without any preliminary support, this would have been safe, 
because of the carrying capacity of the wooden piles plus the good 
quality of the soil, even though a little water was present. But after 
much study it was decided to put supplementary pits or piles in be¬ 
tween each set of columns down to hardpan in order to get some 
pieliminary support if necessary. The tops of these piles and pits 
(shown on Plate 82) were left open for access so that at any time 
jacks could be installed and pretesting could be started in order to 
prevent settlement of the building. 

After the preliminary supports had been installed, three or four 
pits at a time under alternate columns were sunk, chopping away 
the old wooden piles where necessary, and using horizontal sheet¬ 
ing. Much difficulty was encountered in places, because of the 
presence of water and the consequent softening of the ground. 
In fact, under one column, as shown on the plan, it was necessary 
to install an open caisson 3 feet in diameter. (The manner of jack- 
ing and installation is described in Chapter III.) When hardpan 
was reached, the difficult part was over, and it was hard work only 
sinking through hardpan to rock. The rock was cleaned off, the pit 
concreted and, when the concrete had set, dry^packed. 











PLATE 82 . PIT UNDERPINNING OF THE METROPOLITAN TELEPHONE BUILDING, NEW YORK 
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During the entire operation of underpinning and the construc¬ 
tion of the subway, the building settled from 1/16 to 3/16 of an 
inch and suffered no physical damage. 


OPEN-CAISSON UNDERPINNING 

Wall Street Journal, 42-44 Broad Street, New York City .—This 
building was originally four stories high, but some years after com- 



PLATE 83. OPEN-CAISSON UNDERPINNING OF THE WALL STREET JOURNAL 
BUILDING, NEW YORK 

pletion four stories were added. An alteration of this sort fre¬ 
quently induces foundation troubles but not in this case—at least 
not because of the extra stories. The building originally had been 
given a good foundation of wooden piles driven to hardpan. 

As frequently happens in cities, the water level was lowered 
during the course of years, with the result that the tops of the piles 
rotted; this was discovered when the foundations were uncovered 
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for underpinning purposes. Rotting of these piles might ulti¬ 
mately have made necessary the underpinning of all the rest of the 
building, but the building was demolished before this had oc¬ 
curred. The Broad Street subway, as shown on Plate 83, extends 
to the building line. The relation between the old footings, the 
new underpinning, and the subway is shown on the same plate. 

Because of the nature of the ground, a fine-grained water-bearing 
mixture of sand and clay, the ordinary horizontally sheeted pits 
could not be sunk. Because of the presence of the wooden piles, 
ordinary steel piles could not be jacked, for the wooden piles ran 
in all directions and any jacked pile would somewhere encounter 
a wooden one that would prevent its further progress. Therefore 
3-foot steel cylinders, shown on Plate 83, were installed. Approach 
pits were dug in front of every alternate column and in them steel 
screw jack shores were placed against the bottom of the footings for 
preliminary support. Enough wood piles were then chopped out 
to permit a section of steel cylinder 3 feet in diameter and 2 feet 
long to be placed in position. These were then jacked down and 
more sections added as required. The excavating was done by 
putting men down in the cylinders and hoisting the muck out in 
small buckets, chopping away any wooden piles that interfered 
with the progress of the work. When hardpan was reached, the 
cylinders were concreted. When the concrete was set, they were 
tested and wedged by the pretest method. The building showed 
everywhere less than 3/ 8 of an inch settlement and practically no 
physical damage. 

Mt. Sinai Hospital Dispensary, New York .—This building is a 
five-story masonry structure. Originally the exterior wall and in¬ 
terior lally column loads were carried by spread footings which 
were founded on 20 feet of a loose fill of decomposed rock, loam, 
clay and irregular pieces of schist rock, which in turn was supported 
on a 10-foot thick deposit of wet clay, sand, and boulders above 
rock. Ground water was approximately 22 feet below the footing. 
As this structure had been settling for some time, the owners, act¬ 
ing on advice from foundation consultants, decided to underpin 
the structure concurrently with extensive alterations to the super¬ 
structure. The exterior walls were underpinned by installing 16- 
inch and 18-inch pretest cylinders to rock. Interior lally columns 
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PLATE 84. EXCAVATION TO ROCK WITHIN STEEL SHEET PILING AND HORI¬ 


ZONTALLY SHEETED PIT, MT. SINAI HOSPITAL DISPENSARY, NEW YORK 

were underpinned by a combination of grillage beams and con¬ 
crete piers to rock. The nature of the fill and the limited headroom 
precluded driving vertical sheeting from ground level, and the 
presence of water in the poor material above rock precluded the 
installation of a horizontally sheeted pit to rock. However, a com¬ 
bination of the two methods was determined to be the most eco¬ 
nomical method for installing the piers. 

Lally columns were shored by methods previously discussed! 
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(Plates 18, 19, 20, 21). A 5' x 5' horizontally sheeted pit was in¬ 
stalled through the fill to water level, then interlocking steel sheet¬ 
ing was driven inside the pit to rock, forming a cylindrical caisson 
(Plate 84). Although boulders impeded the driving, good progress 
was made in this manner. The piers were excavated by orange-peel 
bucket, the rock surface thoroughly cleaned, and concrete was 
poured to within 6 inches of the underside of the lally column. 
Column loads were transferred to the pier by steel wedges and 
dry-pack. 


PROTECTION WALLS 

Tribune Building, New York City .—Protection or mai itenance 
walls are often used in lieu of underpinning when the object is 
to protect a structure from the effects of an excavation. An instance 
when this method was very successfully used, at a great saving in 
cost as compared with underpinning, is the Tribune Building at 
the southeast corner of Nassau and Spruce Streets, New York City. 

It fronted on the Nassau Street subway route which was built in 
1928 and 1929. 

It is a very heavy, 20-story building of the wall-bearing type. 
Some of the column loads were over 1,500 tons and to have under¬ 
pinned them directly would have been a delicate and difficult task 
in view of the prevailing conditions. In the first place, it was an 
altered building, that is, after it had been standing for some years 
as a 12-story structure, about 8 stories were added. This often in¬ 
duces internal stresses that a building otherwise would not possess. 

so, it had spread foundations which rested on a stratum of fine 
sand about 20 feet below the sidewalk level. This stratum, with 
alternating layers of clay, extended through a very great depth 
a out 150 feet below curb, to hardpan. In Plate 2 this building is 
shown at the left. An examination of Plate 85 shows the relation 
of the footings to the adjacent subway cut; it will be noted that 
they lay just outside of a line drawn 45 degrees to the vertical from 
the bottom edge of the excavation. Experience in similar cases 
showed that, if the intervening wedge of soil could be held without 
movement, the ground beneath the footing would continue to sup¬ 
port the structure without appreciable settlement—incidentally 
confirming experiments made in connection with the bulb of 
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pressure. Under the contract, this protection had to be obtained 
by means of a cut-off wall, the use of sheeting and bracing not 
being permitted for this purpose because of the fear of its failure. 

The walls were made 3 feet wide and were installed in pits 5 feet 
long, using horizontal well curbing, alternate pits being sunk and 
concreted until a continuous wall was completed. The space be¬ 
tween the A wall and the B wall was required for track purposes, 
otherwise the protection would have been secured completely by 
the use of only one wall. The A wall was installed completely in 
the dry, by methods already described. 

The B wall, however, presented difficulties. Water level was 
encountered 4 feet above subgrade, the wall being 20 feet high. It 
was necessary to prosecute the work at such rate of speed that the 
excavation for the subway trench would not be held up because the 
protection wall was not completed. At the same time, it was unsafe 
to sink the wall through the fine-grained, water-bearing sand and 
clay because of the probable loss of ground, with the consequent 
effect on the buildings near by. Moreover, the effect of lost ground 
would be magnified by the tremendous weight of the Tribune 
Building itself. The following method of building the wall, shown 
on Plate 85, was worked out, with the result that it was finished in 
ample time to permit the excavation for the subway. The building 
was undamaged and it settled no measurable amount. 

The first step was to construct two pre-drainage sumps (as de¬ 
scribed in Chapter III) about 75 feet apart and several feet below 
subgrade. Pumping was carried on, therein, night and day and, 
as time went on, had the effect of constantly lowering the water 
level, although very slowly. At the same time alternate box sheeted 
pits, 3' x 5', were sunk on the net line of the subway excavation to 
water level. Then light, interlocking steel sheeting was driven to 
2 feet below subgrade across the rear of the pits (that is, the side 
of the pits toward the Tribune Building) and, in the front of the 
pits, 14-inch sectional steel piles were driven to 3 feet below sub¬ 
grade and concreted, their tops being about level with the bottom 
of the pits. As shown in Plate 85, forms 24 inches high and 18 
inches square were built over the tops of the piles, so as to give 
room for subsequent pretesting and then the pits were filled with 
concrete. One by one, these pits were sunk, the later ones going 
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deeper as the water level receded because of the pumping in the 
predrainage sumps. Finally a continuous wall was finished above 
water level, the bottom being at various elevations, depending on 
the level of the water at the time it was cast. 


In the vicinity of the predrainage sumps, where the ground had 
practically been drained out to subgrade, the excavation for the 
subway trench was started. As excavation progressed, the front of 



PLATE 86. PROTECTION WALLS OF H-BEAM AND INTER-PILE SHEETING, E. R. 


SQUIBB & SONS, BROOKLYN, NEW YORK 

the wall and the piles under it were uncovered, one by one, and 
were pretested. As the excavation was made below the concrete to 
subgrade, the steel sheeting prevented the earth from running out 
from behind the wall. When subgrade was reached, in stretches of 
about 10 feet long, the lower part of the wall was concreted and 
carefully dry-packed. The upper section of the wall of course was 
adequately braced with lateral steel bracing during excavation for 
the subway cut. It so happened that the Interborough Subway on 
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Park Row ran opposite the Tribune Building, and a wall, the C 
wall, similar in size and character to the B wall, was constructed 
for its protection at this point, the braces running between the two 
walls. 

It is probable that a much thinner wall would have served the 
purpose, for it was not of the gravity type. However, it is difficult 
for men to work in spaces much narrower than three feet and, 
moreover, it was not known in advance what construction difficul¬ 
ties might be encountered. 

A similar case of the use of a maintenance or cut-off wall, in lieu 
of underpinning, is that of the Broad Street subway in Philadel¬ 
phia, where the cut was so wide that pretested shores of steel pipe 
were used to prevent the movement of the wall. 

E. R. Squibb & Sons, Brooklyn, New York.— Protection walls 
may also be constructed of H-beams with inter-pile sheeting, the 
so-called gridiron retaining system described in Chapter V. An 
example of its use in eliminating underpinning is the case of the 
cod liver oil storage tanks of E. R. Squibb & Sons on Furman Street 
in Brooklyn. 5 Here a new building was being constructed to con¬ 
tain news tanks, but until such time as the new ones were ready 
the old tanks had to remain in service. They rested on a bank of 
earth 20 feet above the subgrade of the new building. Twelve-inch 
H-sections were driven on 7-foot centers around the banks to a 
depth of 5 feet below subgrade. Timber shores were placed be¬ 
tween the H-sections and the completed portions of the concrete 
mat which was to support the new building. Once the H-beams 
and shores were in place, the earth berm was removed with a clam¬ 
shell bucket and horizontal louvre boards were installed between 
the H-piles as the excavation advanced (see Plate 86). 

Gertz Department Store, Jamaica, Long Island.— Another exam¬ 
ple of an H-beam and inter-pile sheeting protection wall 4 is shown 
on Plate 87. 


Narragansett Brewing Co., Cranston, Rhode Island.—Some¬ 
times it is possible to use the vertical members of a gridiron retain¬ 
ing system as the support elements for a new building. This was 
done in the case of a new engine room building erected alongside 

3 Engineering News-Record, Oct. 9, 1941. 

ii™r/!o» e M B )fc S a enC r er ’ Grid Sheet BraC ‘ ng S y stem Holds Sides of Deep Cut,” Con- 
struction Methods , January 1947, pp. 100-102. r 
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a wood frame repair shop which it was desired to keep in operation 
until the new building was completed. Here 1034-inch pipe piles 
40 feet long to carry vertical loads of 30 tons were driven on 5 foot 
centers along the center line of an 18-inch basement wall. By 
means of scrap ends of 6-inch H-beams (almost any form of steel 
blocking would do) the horizontal wood sheeting was placed on 
the outside line of the new wall. Small H-beam brackets were 


Flg ‘ ^ “ Klcker ” beams of short H-sections. B: Timber blocking between footing 
to distribute load. C: Outside wall. D: Underpinning—concreted pits. E: Horizontal 
wood sheeting between pits. F: Corner braces. G: Beam to take longitudinal thrust 
ot corner braces (more beams were added later). See also Plate 87, Fig. 2, p. 160. 

PLATE 87. PROTECTION WALL SHEETING AND BRACING, GERTZ DEPARTMENT 
STORE, JAMAICA, LONG ISLAND 

welded to the pipe piles so that they would pick up their loads 
from the basement wall upon which the steel columns of the new 
building were to rest (see Plate 88). 

Jordan Marsh Department Store, Boston, Massachusetts .—In 
the recent construction of a new unit of the store alongside an 
existing store building, an excavation 26 feet below the footings 
was made. The earth was to be retained by vertical H-beams with 
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Fig. 2. Excavation at a later stage. Note H: welded steel angle. 

plate 87 ( Continued ). protection wall sheeting and bracing, gertz 

DEPARTMENT STORE, JAMAICA, LONG ISLAND 

horizontal sheeting. The column loads were then carried by means 
of I-beams welded to the webs of the H-beams and by pairs of 24- 
inch grillage beams, which were supported by the I-beams at the 
edge of the excavation at one end and at the other end by new 
spread footings placed on the ground at a distance greater than 13 

feet away (13 feet = ^-). (This is shown on Plate 89, Fig. 1.) Thus 

additional vertical loads of about 50 tons were thrown onto each 
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of the soldiei beams. Because of this, it was essential to drive them 
through mixed sands and clays to a firm bearing—in this case to 
hardpan at a depth of about 60 feet below the old footings. 

This combined system of vertical H-beams and steel grillages 
was very successful; so little settlement took place that it was un¬ 
necessary to resort to any welding or jacking to maintain the build¬ 
ings at the proper elevations. Moreover, the system was a very 
economical one to install, since the driving of the H-beam piles to 
such depths is much cheaper than the jacking of cylinders. 



PLATE 88. PROTECTION WALL 
PILES INCORPORATED IN 
PERMANENT FOUNDATION, 
NARRAGANSETT BREWING 
CO., CRANSTON, RHODE IS¬ 
LAND 



Further use was made of the H-beam piles to underpin a subway 
passage by welding brackets to H-beams to support the structure. 
This method of underpinning (shown in Plate 89, Fig. 2) has been 
limited to light structures. 

E. C. Oelsner Estate, Center Island, New York .—Horizontal 
louvred sheeting, vertical soldier beams and sand pile drains were 
utilized to retain a high clay bank. 

A mansion overlooking Oyster Bay on the North Shore of Long 
Island was jeopardized by movement of the clay bank upon which 
the structure rested. Originally the bank sloped down to the water 
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approximately too feet away and 30 feet below the mansion. The 
owner had constructed a heavy concrete retaining wall which after 
a few years had tipped and broken to pieces. Subsequently this 
wall was replaced by a vertical interlocking steel sheet pile bulk¬ 
head with tie backs to anchor piles. (See Plate 90.) Failure of this 
structure to prevent bank movement resulted in the construction 
of the remedial measures described herein. 




PLATE 90. ROTATION OF A CLAY BANK, E. C. OELSNER ESTATE, CENTER 
ISLAND, NEW YORK 
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Examination of the site by the authors disclosed that there had 
been rotation of the bank as shown on Plate 90. As the steel sheet 
piling and tie backs fell within the limits of the rotating mass, they 
had contributed nothing to the retention of the bank, and in fact 
had done harm rather than good because the solid steel sheet¬ 
ing had served to cut off the free flow of water from the bank to the 
beach and such water, forced to pass beneath the sheeting, caused 
the beach to become “quick” and unstable. 

Borings and test pits showed the material of the bank to be a 
rather soft, slightly permeable clay to a considerable depth. It was 
the authors’ opinion that the bank could be stabilized by installing 



fvj to be withdrawn 


PLATE 91. A METHOD OF STABILIZING A CLAY BANK, OELSNER ESTATE, 

CENTER ISLAND, NEW YORK 

a surface and subsurface drainage system with a permeable bulk¬ 
head supported below the influence line of the rotating mass, 
which would allow free passage of water. This is an early applica¬ 
tion of the sand pile method, so popular now for preventing mud 
waves in soft deposits due to superimposed earth fills. 

The drainage system as designed consisted of the following: (1) 
drainage trenches with 4-inch tile drains backfilled with gravel 
were dug a maximum of 10 feet on centers perpendicular to the 
bulkhead. (2) 3 vertical 10-inch diameter sand pile drains were 
installed in each trench and sunk to a depth below beach level; 
(3) gravel fill was placed between the bulkhead and the old steel 
bulkhead to beach level, followed by the removal of the steel sheet 
piling (Plate 91). 

















Fig. a. Front view of wall showing vertical soldier beams 3" 
separated by 2-inch spaces to allow free drainage. 


x 10" lumber sheeting 


PLATE 92. POROUS BULKHEAD WALL INSTALLED AT E. C. OELSNER ESTATE 
CENTER ISLAND, NEW YORK 
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Vertical 14 “BP 89” soldier beams, 5 feet on centers, were driven 
to a depth of approximately 26 feet below the beach level with 
approximately 9 feet projecting above and were given a protecting 
coat of hot tar. Three-quarter-inch galvanized tie-rods were in¬ 
stalled continuously between piles to assure proper alignment, 
while 3" x 10" creosoted lumber was installed horizontally against 
the back flanges of the piles and blocked in place. Two-inch spaces 
were left between boards to allow free drainage (see Plate 92, Figs. 
1 and 2). 

Twelve years after installing the above bulkhead a survey dis¬ 
closed no evidence of movement or loss of ground despite the fact 
that the hurricane of 1938 had washed out considerable portions of 
the beach. 

PILE UNDERPINNING 

United States Subtreasury Building .—This historic structure 
stands at Wall and Nassau Streets in New York City, and is shown 
on Plate 93. It is a low heavy structure, weighing as much as a 
modern 20-story skyscraper. It was founded on large granite blocks 
forming a continuous footing about 9 feet wide, resting on a fine¬ 
grained sand. The building is 192 feet long. Parallel to its west 
wall, the Nassau Street subway was constructed in 1928-29, the 
excavation being about 40 feet below the street level and about 28 
feet below the foundations. The general relationships are shown 
on Plate 94. 

For the underpinning, 16-inch diameter, ^g-inch wall, steel 
cylinders were used; they were jacked to hardpan or rock about 
42 feet below the footing and were wedged with I-beams by the 
pretest method. They were pretested to a load of about 140 tons 
but were given a load of only about 65 tons in the design. The 
general method of jacking, and so on, is shown on Plates 66 and 68. 

At four points equally distant from each other, and as far apart 
as possible, small pits, trapezoidal in plan, about 4 feet long on 
three sides and 2 feet long on the fourth, were sunk about 2 feet in 
from the face of the footing and about 7 feet deep. Piles were then 
jacked and wedged. When these first piles were completed, the pits 
were enlarged and the next set of piles installed. When these were 
wedged the pits were again enlarged. By this method as many as 7 
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piles would be installed from one approach pit. When all the piles 
had been installed and pretested, beginning at the south end, the 
piles were group pretested in groups of six piles, as a special pre¬ 
caution. This process is explained in Chapter III, and on page 122. 

When all the piles had been group pretested, the pits were con¬ 
creted to a depth of 4 inches below the tops of the lowest piles and 
to a height of 4 inches above the tops of the highest pile, thus form- 



Courtesy Paul J. Moranti, Inc. 

PLATE 93. UNITED STATES SUBTREASURY BUILDING, NEW YORK 


View taken during the construction of the Nassau-Broad Street subway and dur¬ 
ing underpinning and construction operations. Note freedom from obstructions 
on streets and sidewalks. 

ing the stabilizer band. Each wedging beam was encased in con¬ 
crete, and the air space left in the pit was carefully backfilled with 
earth. Hitherto the underpinning pits had always been filled solid 
with concrete, but if a building subsequently should give trouble, 
there was no easy access through which to do remedial work. By 
this plan quick access can be had to the underpinning in case of 
necessity. 

The complete underpinning is shown on Plate 94. 
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PLATE 94. PILE UNDERPINNING OF THE UNITED STATES SUBTREASURY BUILDING, NEW YORK 
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National Bank of Commerce.— On the northwest corner of 
Nassau and Cedar Streets, New York City, is the 20-story building 
known as the National Bank of Commerce. It is one of the oldest 
steel skeleton skyscrapers in New York and has rather heavy col¬ 
umn loads for its size—from 500 to 788 tons each. 

This building fronts on the route of the Nassau Street subway. 
It was founded on spread footings which in turn rested on very 
fine-gramed sand and clay about 5 feet above water level. The soil 
was of uniform character and extended down about 50 feet below 
the footings to the hardpan overlying the rock. The material be¬ 
low water level is Manhattan quicksand. Plate 95 shows the origi¬ 
nal foundations of this building, together with the underpinning 
which was installed and the relation between them and the new 
subway structure. It was impossible to sink pits or open caissons, 
so the underpinning was designed with 16-inch concrete steel piles, 
which were loaded approximately with 65 tons each. They had 
walls 34-inch thick and were jacked down, one by one, underneath 
the building 45 or 50 feet to hardpan. 

When the foundations were uncovered there was evidence of 
previous settlement, which had occurred, undoubtedly, when the 
structure was originally built. There were large cracks an inch 
or so wide between the building itself and the walls and floors of 
a vault which extended out into Nassau Street, showing that the 
building must have settled much more than the vault during or 
since the construction period. The foundations themselves were 
in excellent condition, and did not need to be reinforced with ad¬ 
ditional grillages. No preliminary support was necessary before 
starting the underpinning work. This was fortunate because the 
loads were so great and the material upon which any shores or 
needles could rest was so poor that they would have been useless. 
If footings to hardpan had been installed for them, the cost would 
have been greatly increased. 

The first step was to dig small approach pits at points numbered 
1, 2, and 3 in the plan. Small trapezoidal pits were opened in these 
places, just large enough to install one pile. The area under the 
foundations that was thus removed was only about 2 feet square for 
each pit, which amount was but a very small percentage of the en¬ 
tire bearing area of the footings. When the pits were sunk down 
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to water level, piles were started and jacked down to hardpan, ex¬ 
cavated, concreted, pretested to about 120 tons each, and wedged 
up. When these first piles were completed the foundations had a 
greater capacity than they had ever had before. They had been 
originally weakened, of course, by the digging of the pits, but the 
completion of one pile in a pit was equivalent to the addition of an 


Note. I-Approach pits are numbered in the order of time of opening. 2-Piles marked E. 
are extrapi/es put in the approach pits in iieu of ground removed white tunneling 
thru to regular piles. 3-Dotted lines in plan indicate positions of pit boards as 
underpinning progressed , 
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PLATE 95. PILE UNDERPINNING OF THE NATIONAL BANK OF COMMERCE 
BUILDING, NEW YORK 


ultimate carrying capacity of perhaps 150 or 200 tons, which would 
be the equivalent of perhaps 40 or 50 square feet of footing, 
whereas only 4 square feet or so had been removed and perhaps 
twice as much had been impaired. 

When these three piles were completed, pits were started from 
the front of the footings at the points marked 4, 5, and 6. It will 
be observed on the plan that the spread footings encroached sev¬ 
eral feet on the space to be occupied by the future subway, and 
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eventually had to be cut off. It was necessary to dig 8 feet under¬ 
neath the foundation before a point was reached where one of the 
permanent underpinning piles could be installed. It was felt that 
removing something like 32 square feet of bearing area of the 
foundations (and impairing much more) for the purpose of sinking 
an underpinning pile would cause undue settlement, so the pit 
was extended only about four feet under the foundations, and 
temporary piles, marked E, were installed. These piles were in 
every respect similar to the permanent ones and were temporary 
only in the sense that they eventually were removed when the exca¬ 
vation for the subway was made. When these three temporary 
piles, each of which had been pretested to 120 tons, were installed, 
the three approach pits were then extended another four feet and 
a permanent underpinning pile was installed in each one, pretested 
and wedged. Then approach pit marked No. 7 was dug, another 
temporary pile installed, the pit again extended, and a permanent 
underpinning cylinder installed. 

From this stage of the proceedings on, the underpinning pits 
were enlarged just enough to permit the installation of another 
underpinning pile when a previous one had been completed. In 
the course of about twelve weeks all of the piles were finished, and 
it was possible to walk completely from end to end of the building 
under its foundations. Then beginning at the north end, working 
south, group pretesting to seventy tons was resorted to in the man¬ 
ner previously described under Group Testing, in Chapter III, and 
as explained in some detail in connection with the underpinning 
of the Times Building (page 173)- The ground was leveled, the 
stabilizer band was concreted and the wedging I-beams were en¬ 
cased in brick masonry to preserve them, as shown in Plates 72 and 
95 - 

The footings of this building were then cut off to the proper 
line to permit the construction of the subway and were braced 
transversely to the Mutual Life Building which was directly across 
the street, so as to prevent lateral movement. Thirty-inch steel 
girders with wrought-steel wedges were installed, on 20-foot cen¬ 
ters. Between them 12" x 12" wooden braces, with wooden 
wedges, were placed so that there was a good substantial transverse 
brace every 10 feet. Excavation for the subway then proceeded, the 
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water level dropping somewhat with the excavation. Inter-pile 
sheeting was used between the front row of piles, down to the re¬ 
ceded water level, which dropped to about 8 feet above the final 
subgrade. At that point 3-inch tongue-and-grooved sheeting was 
used and suitably braced. 

There was no physical damage to this building at all, the settle¬ 
ments from start to finish varying from i / 8 to i / 2 inch. They took 
place so gradually and evenly that no harm followed. It will be 
noted that the interior columns were not underpinned because 
an effective cut-off was provided by the inter-pile sheeting. On 
the south side of the building, west of the corner, one of the side 
columns was underpinned. This was merely as a precaution, and 
it probably was not necessary. Since it rested on the same footing 
with the corner column and, further, as it was about 8 feet nearer 
the excavation than the second row of columns, it was finally de¬ 
cided to underpin it, as shown on the plan. 

Mutual Life Building .—The Mutual Life Building was a 10- 
story, old-fashioned, heavy masonry structure, built about 1880, 
with loads almost the equivalent of those encountered in the Na¬ 
tional Bank of Commerce which was directly across the street. It 
was similarly underpinned, and every column settled less than S / 8 
of an inch without any damage during the underpinning operation 
or during the excavation of the subway trench. It is during these 
periods that damaging settlements usually occur. 

While the permanent structure of the subway was being built it 
was necessary to remove the transverse bracing at the south end 
of these buildings while all the rest of the bracing was left intact. 
The building had stood for months without damage, with the 
trench for the subway completely excavated, until this bracing was 
removed. Then the south end of the Mutual Life Building moved 
laterally toward the excavation, in spite of the fact that other braces 
had been put in between it and the permanent subway structure. 
This caused a small number of minor masonry and plaster cracks, 
extending up three or four stories where the braces had been 
changed, while the north end remained completely intact. 

When these cracks occurred, it revived a discussion which was 
held before the work was started, regarding the necessity of under¬ 
pinning interior columns. It was decided not to do so, and the 
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result has confirmed this decision, because even where the cracks 
occurred a most careful examination failed to disclose any appreci¬ 
able settlement there or elsewhere. No settlement levels were 
taken on interior columns, but the movement of from 14 to s / 8 of 
an inch toward the cut was accurately measured. The physical 
damage was slight. No lateral movement occurred in the National 
Bank of Commerce Building but the necessity of very careful brac¬ 
ing in connection with underpinning work to prevent damage to 
structures from lateral movement was again practically demon¬ 
strated. 

Old Times Building .—The old Times Building at 147-149 
Nassau Street is a 16-story structure of old-fashioned, masonry con¬ 
struction. It rested on spread footings composed of inverted arches 
founded on a coarse dry sand. The excavation for the subway ex¬ 
tended right up to the building line and is shown at the right in 
Plate 2. In that illustration can be seen the relation between the 
building, the subway cut, its foundations, and so on. Plate 96 
shows its underpinning in detail. 

The underpinning was very similar to that of the National Bank 
of Commerce, except that the individual column loads were very 
much greater, some running as high as 1,150 tons. There was quite 
a difference, however, between the subsurface conditions existing 
at the site of the Times Building and those at the site of the Na¬ 
tional Bank of Commerce. At the Times Building the water was 
only about one foot above subgrade, while hardpan was about 120 
feet deeper and therefore far beyond economical reach. A stratum 
of coarse sand and gravel a foot or two thick was found about 10 
feet below subgrade, and to this stratum the piles were jacked. 
Great care was taken not to use excessive loads in the testing of the 
cylinders, lest the piles might puncture the stratum of sand and 
gravel and thereby lose much of their carrying capacity. Masonry 
pier underpinning was not used because it was inadequate for this 
location. 

The piles were loaded to about 40 tons each in the design and 
were pretested to 70 tons. They were installed in small pits, one 
at a time, about 30 or 40 feet apart, the pits being successively 
enlarged. Because of the light loads used, the piles were made of 
thin shell pipe, 7/64 of an inch thick, and were 14 inches in diame- 
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ter. They are similar to those shown at the left in Plate 51. When 
the piles had been completely installed they were group pretested 
to 50 tons each, beginning at the south end and working north. 
In group pretesting, six jacking outfits were used and set up on 
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PLATE 96 . PILE UNDERPINNING OF THE OLD NEW YORK TIMES BUILDING, 
NASSAU STREET, NEW YORK (SEE PLATE 2) 


piles 1, 2, 84, 85, 86, and 87. When all the piles held at 50 tons, 
piles 1 and 86 were rewedged and the jacking outfits removed 
to piles 3 and 88, then pile 85 was rewedged and the jacking outfit 
moved to pile 83, and so on in procession. The stabilizer band of 
concrete, 18 inches thick, was then poured and cross-cut bracing 



























































Courtesy Marcus Contracting Company 

PLATE 97. PILE UNDERPINNING OF THE OLD NEW YORK TIMES BUILDING, 

NASSAU STREET, NEW YORK 

A: Original foundations. B: Dry pack above jacking plates. C: Jacking plate. 

D: Pretest wedging beam. E: 3^-inch steel pile cap. F: , 4 -inch underpinning. 

G: Inter-pile sheeting. H: Transverse braces. 
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was installed against it. With the use of inter-pile sheeting, the 
subway excavation was then made. 

After the excavation was completed the wedging beams were 
encased in masonry. The piles were thus all left accessible during 
the entire operation of constructing the subway so that, if any 
movement had begun, jacks could have been installed again on top 
of the piles and the settlement arrested. Plate 97 shows the founda¬ 
tions of the building, its underpinning, the inter-pile sheeting, 
stabilizer band, and transverse bracing, after the excavation for the 
subway was completed. No movement or damage of the building 
was observed. 

Sixth Avenue Subway, 15th to 16th Street, New York City . — A 
distinctive feature of this work was the nature of the ground, a fine 
water-bearing sand in which were strewn large boulders. The 
boulders occurred a few feet above subgrade so that it was not 
possible to jack down pretest cylinders to a proper penetration of 
6 to 8 feet below subgrade. From street surface to subgrade was 38 
feet. The difficulty was overcome in the following manner: by 
means of pre-drainage sumps and continuous pumping the ground 
water was gradually lowered, thus permitting the general excava¬ 
tion of the subway to be carried down until the bottoms of the 
cylinders resting on boulders were reached. Temporary 12" x 12" 
timber shores were installed under the footing to miss the boulders. 
Additional cylinders were then jacked under these shores while 
the pretest load was maintained on the original cylinders (Plate 
98). With the footing load transferred to the new cylinders, boul¬ 
ders were safely removed and the original cylinders were re-under¬ 
pinned by jacking sections of cylinders beneath them, and then 
re-pretested. 

In another case inclined pretest cylinders (raker piles) were used 
as temporary support (Plate 99), while the original piles were ex¬ 
tended in the manner just described. 

Peoples Savings Bank, Providence, Rhode Island . — This is a 
long narrow building (212' x 42') constructed in the low-lying 
downtown section of the city, between brick buildings 70 and 100 
years old. The site was originally the bottom of a tidal cove which 
was filled in with sand and gravel as the city grew. Below the sand 
and gravel which extended to about 15 feet below curb was 30 feet 
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of a very fine varved silt (Plate 46) which was fairly stable when 
undisturbed, but when disturbed in any way would ooze like tooth 
paste through small openings. During construction the main dis¬ 
turbances were from men walking on the silt and vibration from 
driving of open pipe piles which carried the column loads of the 
new building to the hardpan underlying the silt. 



PLATE 98. OVERCOMING BOULDER OBSTACLES IN UNDERPINNING SIXTH AVE¬ 
NUE SUBWAY, 15TH TO 16TH STREET, NEW YORK 


Steps in constructing the new building are shown in Plate 100. 
Special features of the work are the use of steel wales and braces; 
inter-pile sheeting set on the property line by means of angles 
welded to the underpinning piles (see Plate 76, Fig. 2); cross-lot 
bracing for the upper two tiers of bracing and struts to the center 
portion of the concrete sub-basement slab for the bottom tier; the 
use of pipe shores to this slab to supplement the underpinning and 
lateral bracing system and the re-pretesting of the underpinning 
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piles during the driving of adjacent pipe piles (Plate 101). Because 
of the treacherous nature of the ground it was deemed safest to 
excavate only small areas at one time, immediately following up 
with the pile driving and then concreting the slab before exca¬ 
vating the next section. One reason for this was the tendency of 
the ground to heave up into the excavated section because of the 
surrounding ground and water pressures. 



PLATE 99. INCLINED PRETEST CYLINDERS 


The coarse sand and gravel overlying the gray silt was easily 
drained, but the silt was so fine-grained that the water was held in 
the interstices by capillary action. What drainage there was, was 
accomplished by means of “mudhog” pumps working continuously 
for the life of the job from sumps which consisted merely of 4-foot 
square horizontally sheeted pits. There were three of these sumps, 
two at the deep sub-basement end of the job and one at the oppo¬ 
site or basement end. The bottoms of these pits were maintained 
a few feet below the general level of excavation. The amount of 
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water pumped was small, even when the deepest excavation of 25 
feet below ground-water level was reached; most of the water came 
through the upper sand and gravel layer and very little from the 
silt. 

All these precautions were successful in that the exterior walls 
of the adjoining buildings were maintained with no lateral move¬ 
ment and with practically no settlement, despite the difficulty of 
preventing loss of ground through the sheeting. 

The methods used on this project furnish an interesting contrast 
with work done twenty years earlier in connection with the Indus¬ 
trial Trust Company Building, a skyscraper not more than 60 feet 
away. On the latter job, no permeable sheeting system was in¬ 
stalled, instead, interlocking steel sheet piling was driven around 
the perimeter of the excavation. At first, no direct underpinning 
of the adjacent buildings was thought necessary. However, at a 
later stage when extensive damage to the buildings had been 
caused by settlement and inward lateral movement of the sheeting, 
pretest piles were sunk to the hardpan. Access to the jacking pits 
was had by cutting openings in the steel sheet piling. A serious 
cause of trouble was the driving of wood piling for the founda¬ 
tions. The silt was so remolded or puddled that the ground be¬ 
came extremely quick—it heaved up in the excavated area with 
consequent subsidence of the ground outside the excavation; this 
condition was aggravated by the large volume of ground displaced 
by the solid wooden piles. Fortunately this condition was soon 
recognized and, although much damage had already been done to 
buildings, sidewalks, streets, and pipelines, open steel pipe piles 
were substituted for the wooden piles for the remainder of the 
work. It was found that practically no silt was displaced by the 
pipe piles and vibration and puddling was reduced to the mini¬ 
mum. 

St. Joseph’s Cathedral, Hartford, Connecticut , 5 —When con¬ 
struction of this massive, beautiful structure was started in 1874, 
no apparent attention was paid to the foundation problem. At 
least the design gives no evidence of thought; footings carrying 
unit loads as high as seven tons per square foot were placed on a 

G. Flay, Jr., and D. McKinley, “New Foundations Provided for a Nineteenth 
Century Cathedral,” Civil Engineering, February, 1943 . 
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Step 2 . Building underpinned and excavation started in center of lot. 



Step 4 . Center portion of sub-basement slab concreted, inclined shores and lower 
set of wales placed against this slab. After side portions of slab are placed, shores 
and lower set of wales may be removed. After structural steel framing and base¬ 
ment floors and walls are in place, remainder of braces may be removed. Wales 
remain embedded in new concrete foundation walls. 


PLATE IOO. STEPS IN CONSTRUCTION OF FOUNDATIONS, SUB-BASEMENT SEC¬ 
TION, PEOPLES SAVINGS BANK, PROVIDENCE, RHODE ISLAND 

Sequence of excavating, driving piles, and concreting sub-basement slab. Each sec¬ 
tion was completed before the succeeding one was started. 
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soft wet plastic clay that existed to a depth of 30 feet below the 
foundations. Settlement must have taken place almost immedi¬ 
ately, for the underpinning operation disclosed mats and cribs of 
timber and concrete needled into the foundation; spires shown on 
the towers in the original architects’ rendering were never placed 
because of the fear of additional damage from the added load. 


PLATE 101. PIPE PILE SHORES USED TO SUPPLEMENT UNDERPINNING AND 

LATERAL BRACING SYSTEM, PEOPLES SAVINGS BANK 

Over the intervening years settlement must have been continu¬ 
ous, though what the total settlement was has never been deter¬ 
mined. However, engineering studies disclosed that differential 
settlements of fifteen inches had taken place. As a result of the 
study an underpinning design was prepared calling for the installa¬ 
tion of 501 pretest cylinders to transfer the load from the clay to 
an excellent hardpan approximately 30 feet deeper. 

The general plan of attack was first to install pretest cylinders 
battered from the walls at each point of concentrated load, so as to 
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gain a maximum of support with a minimum of disturbance to the 
ground carrying the structure. After the battered cylinders were 
pretested additional cylinders were installed directly under the 
footings. 

Much of the expense of cleaning the cylinders was saved on this 
operation by a method previously described in the section on meth¬ 
ods of cleaning. (See Plate 67.) 

The footings carrying the apse piers, which were most heavily 



PLATE 102. BATTER CYLINDERS INSTALLED FOR SUPPORT 
OF THE APSE PIERS, ST. JOSEPH’S CATHEDRAL, HARTFORD, 
CONNECTICUT 


loaded and had settled the greatest amount, were in such a danger¬ 
ous state that even the installation of the battered cylinders de¬ 
scribed above did not provide adequate initial support. Conse¬ 
quently, chases were cut on opposite sides of each pier from the 
basement ceiling level down and steel struts installed on a batter 
and tied together by running tie-rods through the piers. The struts 
were then encased in concrete and were used as a reaction for the 
hydraulic jacks (see Plate 102) making it possible to jack the initial 
batter cylinders with no disturbance to the bulb of pressure created 
by the weight of the footings on the clay. 

Since the completion of the underpinning, the building has 
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shown no further movement and it is planned to complete the 
structure architecturally by constructing the spires as originally 
contemplated. 

NEEDLE AND PILE UNDERPINNING 

Caxton Building, Cleveland, Ohio .—The Caxton Building is 
a modern 12-story structure, separated by a narrow alley from a 
deep excavation for the Bell Telephone Building. This excava¬ 
tion had to be made through very fine water-bearing sand to a 
depth of about 40 feet below curb. At that depth a stratum of 
rather hard red clay was encountered. The excavation was to be 
made within a cofferdam consisting of a double row of heavy steel 
sheeting driven to the clay, the two walls of sheeting being about 
12 feet apart. The earth between these two walls of sheeting was 
excavated and a concrete bearing wall was cast. Then, as the exca¬ 
vation of the interior of the cofferdam proceeded, this concrete 
wall was very heavily braced, transversely. 

The problem was to underpin the Caxton Building suitably to 
protect it against the proposed excavation. It was impossible to 
sink pits safely or economically through the fine, water-bearing 
sand, so steel piles were used. Furthermore, it was realized that 
the clay upon which the underpinning piles were to rest would 
probably give way somewhat under the load and allow settlements 
to take place during the various subsequent operations which 
would occur incident to the neighboring excavations. It was there¬ 
fore decided to drive, with pneumatic hammers, steel piles 16 
inches in diameter with 3 /g-inch walls, down to the clay just outside 
the spread foundations of the building, as shown on Plate 103. 
These piles, having an assigned load of about 40 tons each, were so 
arranged that the entire load of each side wall column (about 250 
tons) could be pretested during any stage of the subsequent work 
after the underpinning had been completed. If necessary, all the 
columns could have been simultaneously pretested to prevent set¬ 
tlement, had the clay begun to yield at any time. 

After the piles were driven they were capped with a strong rein¬ 
forced concrete capping, as shown on Plates 103 and 104. Then, 
one by one, underneath the footing of the building, I-beam needles 
were installed, resting on the reinforced concrete pile caps on each 







Examples of Underpinning 185 

side of the wall. When a needle was placed in position, it was care¬ 
fully wedged to the pile cap, as well as to the bottom of the founda¬ 
tion. In all, about eight I-beam needles were inserted underneath 
each column. This arrangement left no room for pretesting the 



PLATE 103. NEEDLE AND PILE UNDERPINNING OF THE CAXTON BUILDING, 
CLEVELAND, OHIO 

Hydraulic jacks used for pretesting reacted against the concrete pile cap and the 
longitudinal beams. 

underpinning. So on each side of the wall, two longitudinal 
I-beams were installed on top of the transverse needles and fas¬ 
tened to them by means of hanger rods. Then, as shown in the 
plan, hydraulic rams were inserted between the sets of needles, 
reacting against the concrete pile cap on the one hand and the 
longitudinal I-beams on the other. Especially large hydraulic 
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rams, having a capacity of about 125 tons each, were used, the hy¬ 
draulic pressure being furnished by hand pumps. Plates 103 and 
104 show the arrangements in detail. 



PLATE IO4. NEEDLE AND PILE UNDERPINNING OF THE CAXTON BUILDING, 


CLEVELAND, OHIO 

Note hand hydraulic pump and gauge for testing; also flexible copper hydraulic 
pipe leading to hydraulic jack that is in operation between needle beams and 
under longitudinal I-beams. 

As the underpinning of each column was completed, it was pre¬ 
tested to its full load. On several subsequent occasions, when the 
piles were apparently affected by the excavation which was pro¬ 
ceeding, the pretesting was repeated. Altogether the underpinning 
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was settled 4 or 5 inches by this series of pretesting. Being able to 
jack and pretest the underpinning at any time probably saved sev¬ 
eral inches of settlement and perhaps serious damage to the Caxton 
Building. As it was, the final settlement was very small and the 
damage to the structure was negligible. 

Smokestack, Stratford, Connecticut .—In the summer of 1928, 
the Raybestos Company of Stratford, Connecticut, built a 150-foot 
brick smokestack about 14 feet in diameter at the base. It rested 
on a spread footing about 4 feet thick, 18 feet wide, and 30 feet 
long. By the time the stack was completed, it had tipped over 35 
inches to the west and the top was moving at the rate of about one 
inch per day. Under the east side of the foundation, it subse¬ 
quently developed, was a fair mixture of sand and gravel, but un¬ 
der the westerly side, beginning about a foot below the ground 
surface, there was a stratum of peat 3 or 4 feet thick. This peat was 
causing the trouble with the foundation. 

It was decided to install five 16-inch cylinders on the westerly 
side, as shown on Plate 105, in order to arrest any further settle¬ 
ment there. In case any settlement continued on the east side, 
which would naturally plumb the stack, it was planned to under¬ 
pin that side when the stack was righted. 

Four 20-inch I-beams, shown on Plates 105 and 106, were first 
installed through the ash door, and a screw jack was inserted under 
them, bearing on a small temporary steel grillage. This slight aid 
had the effect of arresting any further movement. A steel cylinder 
was then installed underneath the needle beams outside the foun¬ 
dation, down through the peat, to the firm ground beneath. It was 
concreted, tested to 60 tons hydraulically and wedged up by the 
pretest process. This had the effect of pushing the stack back an 
inch and a half. 

Two shores were then installed against the side of the stack, as 
shown on Plate 106. The reaction for the head of the shores was 
provided by a vertical waling timber to which steel angle irons 
were fastened, which in turn fitted into joints in the masonry from 
which the mortar had been removed. The five underpinning piles 
(each of which was tested to 60 tons) were then installed, one at a 
time, and the shores were removed. This work had the effect of 
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righting the stack a total of 5 inches so that when the work was 
finished it was only 30 inches out of plumb. To date no further 
movement has occurred. 

West Side Viaduct, New York City .—During the construction 
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PLATE IO5. NEEDLE AND PILE UNDERPINNING OF SMOKESTACK, STRATFORD, 
CONNECTICUT 


of the West Side Viaduct in 1937, certain sections of the structure 
in the vicinity of 79th Street settled as much as 8 inches, and the 
underpinning and restoration was performed under the super¬ 
vision of the New York Central Railroad, whose tracks ran under 
the viaduct at this location. 
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PLATE 106. NEEDLE AND PILE UNDERPINNING OF SMOKESTACK, STRAT¬ 
FORD, CONNECTICUT (SEE PLATE IO 5 ) 

A: Vertical wale. B: Niches cut for angles on wale (see Plate 9 ). C: Timber shore. 

D: Screw jack unit (see Plate 11 ). E: Needle beams through cleanout door. F: 

Steel screw jack. G: Steel wedges. H: Steel plate over temporary footing. I: 

Temporary footing. J: Steel wedging beams. 

The Viaduct Roadway was carried on a series of structural steel 
transverse bents, and the majority of the columns were supported 
on a continuous reinforced concrete footing running parallel to 
the viaduct. A few columns were supported on isolated spread 
footings, and these showed the greatest settlement. The original 
underpinning plan called for piers to rock under the latter footings 
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and needle and pile underpinning for the remainder. The struc¬ 
ture was to be jacked to its theoretical elevation following the un¬ 
derpinning. 

Fourteen-inch by 3 ^-inch pipe piles, located 3 feet 6 inches off 
the center line of the column, were driven to rock. The column 
was needled and jacked off its footing as shown on Plate 107, and 
the concrete under the column was cut out sufficiently to allow the 


PLATE 107. METHOD OF INSTALLING NEEDLES AND HYDRAULIC JACKS 

installation of two grillage beams spanning between the two pipe 
piles. The column was jacked to its proper elevation, wedged and 
dry-packed in place. 

Because of the difficulty of driving through six to eight feet of 
riprap and ash fill above rock, the plans were changed to allow all 
the remaining footings to be underpinned by piers to rock, which 
was reached at a depth of 7 to 18 feet below existing footings. This 
underpinning was installed by the pit methods previously de¬ 
scribed. It is interesting to note that riverside piers were installed 
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between mean and low tide, as pumps could handle the water dur¬ 
ing these periods without causing loss of ground beneath the struc- 
ture. Jacking of the structure was accomplished by installing 
inverted 40-ton hydraulic jacks in niches cut into the column en¬ 
casing on two sides (Plate 108), which reacted against the footing. 
Although columns were jacked progressively (Plate 109), secondary 
stresses of such magnitude were induced in the superstructure that 



PLATE 108 . INVERTED 40 -TON HYDRAULIC JACKS INSTALLED IN NICHES FOR 


RAISING COLUMN, WEST SIDE VIADUCT, NEW YORK 

it was not deemed advisable to raise the viaduct to its theoretical 
elevation throughout. 

Public High School Building, New York State .—Completed 
in 1941, this large high school building is founded mainly on con¬ 
crete piers to a rock surface with a slope so steep that one wing of 
the building, about 85 feet square, was supported on tapered cast- 
-in-place concrete piles. These piles were driven to a resistance of 
30 tons each, computed in accordance with the Engineering News- 
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Record formula for friction piles, as sanctioned by the New York 
City Building Code. Unfortunately, the result was not as expected, 
because of the action of a stratum of peat, which, although it gave 
frictional resistance during driving, was highly compressible and 
allowed the piles to settle, so that after a few years it became neces¬ 
sary to underpin the wing. 



PLATE log. PROGRESSIVE JACKING OF COLUMNS TO RAISE SUPERSTRUCTURE, 


WEST SIDE VIADUCT, NEW YORK 

Accordingly it was decided to drive open steel pipe pile cylinders 
to rock—the piles being located on either side of the existing con¬ 
crete pile caps. Since most of the columns to be underpinned were 
exterior columns, as many piles as possible were driven outside the 
building, and, of course, as few as possible inside. The outside 
piles were driven in the conventional manner by a crawler crane 
from which were suspended heavy steel leads. To blow out the 
earth and water from inside the cylinders, two Diesel-engine-driven 
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air compressors each supplied compressed air at the rate of 700 
cubic feet per minute; they were also used to operate the double 
acting McKiernan-Terry 9B2 pile hammers and the hoists of the 
inside pile driving rigs. 

The piles were 16 inches in outside diameter with walls i/ 2 inch 
thick, and were driven open-ended to and into the rock, blown out 
with compressed air, and filled with concrete. The loads were then 
transferred from the concrete piers supporting the steel columns 
by means of needle beams inserted in holes cut in the concrete 
piers (see Plate 110). The ends of the needle beams rested on steel 
cap beams; these, in turn, rested on the pipe piles, which were al¬ 
lowed a maximum load of 110 tons each. In transferring loads 
from the old footings to the new supports, the new steel needles, 
caps, and piles were all prestressed and tested by means of hydrau¬ 
lic jacks and then wedged tightly under conditions of full loading. 

As the total individual pile lengths were to be from 53 feet to 85 
feet and it was desirable to use the longest possible sections con¬ 
sistent with economy for all piles driven within the building, pits 
15 feet deep were dug, sheeted with horizontal louvre boards, and 
dewatered by mudhog pumps. With the 15-foot clearance avail¬ 
able between the basement floor and ceiling, it was possible to 
drive the piles in sections up to 21 feet long. These sections were 
connected by close-fitting cast-steel inside driving sleeves. Because 
of the presence of boulders in the ground, the bottoms of the piles 
were reinforced by means of a \/ 2 " x 12" plate securely welded 
all around the outside, the plate being cut from a section of pipe. 

The tilting leads (Plate 54, Figures 3 and 4) which were built 
especially for this job proved very efficient and easy to move from 
place to place. This was important on this particular operation 
because the basement, in which all the inside piles were driven, 
was the fan and duct room of the wing of the building, and beneath 
the ducts and piping the headroom was as small as 7 feet 8 inches. 
The leads, when tilted back, could clear these obstructions, but a 
certain amount of rearrangement of the duct and pipe work was 
necessary to permit the pile driver to work at the pile locations. 
The work was done with no interruption in the use of the cafeteria, 
gymnasium, and locker rooms above. 
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PLATE 110. NEEDLE BEAMS, RESTING ON PILES AND CAISSONS DRIVEN TO 

ROCK, SUPPORT CONCRETE PIERS 

To reduce the number of pits to be dug and of piles to be driven 
inside the building, four interior columns were supported on an 
arrangement of cantilever beams (see Plate 111). 

It was feared that the vibration incidental to the pile driving 
might cause further settlement of the footings. To prevent this 
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from affecting the columns, the needle beams were inserted in the 
concrete piers prior to any pile driving, and hydraulic jacks were 
placed beneath the needle beams and the footings. As the piles 
were driven, level readings were constantly made, and any further 
settlements of the columns were immediately corrected by jacking 
against the footings and wedging. As it finally turned out, these 
settlements caused by vibration from pile driving were rather 
small, on the order of i/% inch to s/ 8 inch. 

The presence of boulders in the ground overlying the rock gave 
rise to certain difficulties. A large and deeply buried boulder at 
the location of pile 205A made it impossible to drive the pile to 
rock. Attempts to drill out the boulder also failed. Another pile 
might have been driven adjacent to it, but this unsymmetrical ar¬ 
rangement of the group of piles would have caused pile 205B to be 
loaded beyond the 110-ton limit. 

Rather than drive two additional piles to rock, it was decided to 
convert pile 205A into a “Drilled-In Caisson,” and by means of a 
girder spanning from this pile to 207B, to bridge over 205A (see 
Plate no). “Drilled-In Caisson” 6 is the name given to that 
patented type of foundation element which consists of a pipe 
driven open-ended to rock and cleaned out; a churn drill of slightly 
less diameter than the inside of the pipe is then used to drill a deep 
hole or “socket” into the rock which may be from two to ten feet 
deep, depending on the load to be carried; a structural steel 
H-beam of length sufficient to extend from the bottom of the 
socket to the top of the pipe is then lowered into the pipe; the 
socket and the pipe are then filled with concrete. The essential 
featuie of the Diilled-In Caisson is that the rock does not receive 
its full load from end bearing of concrete and the outside pipe but 
also receives considerable load through the rough walls of the rock 
socket by bond, so that the entire Drilled-In Caisson can carry 
many times the load of a plain open-ended pile. It is particularly 
suitable in those cases where heavy loads must be carried consider¬ 
able depths to rock. The name “Caisson” is applied because pipes 
of 24-inch and 30-inch outside diameters are usually employed. 

In another case a pile fetched up on a large boulder 4 feet above 

t " S e ( ' catalog of the Drilled-In Caisson Corporation, 2 Park Avenue, New York 16, 
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PLATE 111. SUPPORTING AN INTERIOR COLUMN WITH CANTILEVER GIRDERS 

A: Column. B: Hydraulic jacks, reacting against column bracket to prestress canti¬ 
levers. C: Cantilever girder. D: Grillage over i6"-diameter pipe piles. 

bedrock. This pile was one of three in the pier, the other two 
being inside the building. To have abandoned the pile on the 
boulder would have meant the rearrangement of all the piles and 
the waste of a good deal of work. Therefore, with a churn drill 
operated by the well-drilling machine employed on the “Drilled-In 
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Caisson” a hole was drilled through the boulder and into bedrock. 
A 12 z/ 4 " x 9/16" pipe was driven through the 16-inch pipe, through 
the hole in the boulder and into bedrock. The inside of the inner 
pipe was concreted and the annular space between the two pipes 
was grouted; a hydraulic jack test to overload proved that the 
remedy here used was successful. 

NEEDLE AND PIT UNDERPINNING 

146 William Street, New York City .—This building was an ordi- 
nary 5-story brick building about 25 feet wide, the front of which 
was supported on two pilasters at each end and two intermediate 
brick piers, as shown on Plate 112. It was underpinned in connec¬ 
tion with the construction of the William Street subway in 1916. 
It had spread footings resting on dry coarse sand and clay, and col¬ 
umn loads of about 30 tons each. 

The excavation line for the subway was coincident with the 
building line of the building. Consequently, if an ordinary gril¬ 
lage, such as that shown on Plate 113, had been installed, it would 
have physically interfered with the final subway structure. It was 
necessary, therefore, to install the underpinning without the use of 
grillages. Temporary needles were used to support the brick col¬ 
umns, while the underpinning piers, 4 feet square, were installed 
in accordance with Plate 112. Because of the absence of ground 
water, it was possible to sink the pits 18 inches below subgrade 
without much trouble, by the use of the ordinary horizontal pit- 
board method, the pits being on the line of subway excavation and 
directly underneath the brick columns of the building. This 
method of construction very greatly simplified the excavation of 
the subway trench. By resorting to the use of inter-pit, horizontal 
sheeting, as shown on the plan, a very simple and effective cut-off 
was made between the subway trench and the earth underneath 
the interior of the building. 

The first step was fully to expose the foundations, which con¬ 
sisted, in most cases, of large footing stones about 5 or 6 feet square. 
The sand was carefully leveled on each side of the footing stones 
for the full width of the building, making two smooth surfaces 4 
feet wide and 25 feet long, running from 4 to 8 feet away from the 
brick columns. Continuous beds of 6" x 12" timbers, 4 feet long, 
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PLATE 112. NEEDLE AND PIT UNDERPINNING OF 146 WILLIAM STREET, NEW 
YORK 
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were placed on these level surfaces of ground. Then, as shown on 
Plate 112, two longitudinal, 18-inch I-beams were placed on top 
of each bed and tied together with cable and turnbuckles, with the 
use of spreaders, to make them act in unison and prevent jack¬ 
knifing. Niches, one at a time, were then carefully cut at the 
proper elevation in the brick columns to receive the 15-inch 
I-beams which acted as needles, each end of which was supported 
on the 18-inch longitudinal I-beams. A cushion of soft wood about 
1/2 inch thick was placed between the brickwork and the 15-inch 
needle beams. They were wedged up so as to carry part of the load 
of the column, then the next niche on the other side of the brick 
pier was cut out, and another 15-inch needle beam placed. It was 
then wedged up so as to take its part of the load of the column. 
The two 15-inch I-beams were next tied together by steel cables 
with turnbuckles, and spreaders were inserted to prevent jack¬ 
knifing. They were then wedged up until the footings of the col¬ 
umns were relieved of their load. 

The lower parts of the columns were then cut away and the 
horizontally sheeted pits were sunk directly underneath them. 
When a pit reached 18 inches below subgrade, it was filled to the 
elevation shown on the plan with 1:2:4 concrete. When the con¬ 
crete had set, brick piers were built on top of it, up to the bottom 
of the brickwork of the column. In the part of the brickwork that 
was then built, two steel plates about l/ 2 inch thick, separated by 
steel wedges, were inserted. When the masonry had set, the wedges 
were driven in until the needles were relieved of their load. They 
were then one by one removed, the brickwork in the niches be¬ 
ing replaced, thus restoring to the brick columns their previous 
strength. 

No settlement occurred in this operation nor during the exca¬ 
vation of the subway trench. 

GRILLAGE AND PIT UNDERPINNING 

77 Qnd 79 Broad Street, New York City .—This is a 5-story brick 
building fronting on the Nassau and Broad Street subway. Its 
footing of large rubble stones rested on a compact mixture of fine 
sand and clay. The subway was so laid out that it passed, as shown 
on Plate 113, within 3 feet of the building and extended to a depth 
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of 24 feet below its foundation. This brought the subway excava¬ 
tion down through hardpan and into the rock, hardpan and rock 
being, respectively, about 13 feet and 21 feet below the bottom of 
the footings. 

The first step was to tie all the column footings together securely 
with a grillage composed of steel I-beams and concrete. Transverse 
beams, as shown on the plan, were notched into the brick columns 
and, in addition, dowels of 1 l^-inch square rods were inserted in 
holes drilled into the columns to give a greater grip. These trans¬ 
verse I-beams fitted into the webs of longitudinal I-beams placed 
on the inside and outside of the columns. Because of the lack of 
room needed to handle long beams, it was necessary to make these 
longitudinal beams of two or three pieces, sufficiently lapped by 
each other to give the effect of a continuous beam. They were tied 
together transversely by means of turnbuckles and hooked rods, to 
prevent any spreading. All the footings were washed down very 
carefully with hose and water, forms were built, and the whole 
mass concreted as shown in the plan. 

Usually, under the conditions that prevailed at the site, short 
pits would have been put in and steel piles jacked. Because of the 
proximity of the subway, it was preferable to install piers to rock, 
partly to serve as a cut-off, but principally because, if the building 
were supported on steel piles down to hardpan, the close proximity 
of the excavation would endanger the base of the piles during the 
subsequent excavation. It is impossible to jack piles very far into 
hardpan of the character that existed there, so that re-underpin- 
ning would have been necessary when the excavation reached the 
building. Although below ground water, because of the very 
dense, hard nature of the sand and clay, it was possible to sink box- 
sheeted pits. Though the water did complicate the situation, it 
was possible, with great care, to put the pits down in such manner 
as to lose only a very little ground, so that the rest of the building 
remained unaffected. In some of the other buildings in the vicin¬ 
ity, of a similar size and resting in similar material, the ground 
eventually became so difficult to handle that the idea of sinking 
box-sheeted pits was abandoned when they were down about 5 or 
6 feet, and steel cylinders or caissons were resorted to and were 
jacked down, as previously described. 
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PLATE 113 . GRILLAGE AND PIT UNDERPINNING OF 77~79 BROAD STREET, NEW YORK 
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The first pier sunk was the one in the center. It was put down 
to hardpan and then sunk through the hardpan, without the use 
of sheeting, to rock which was carefully cleaned off. The pit was 
then concreted up to within 6 inches of the original footing and, 
when set, was carefully dry-packed. The grillage permitted the 
structure to span over this pit while it was being sunk with but a 
settlement of about 1/4 of an inch. When this center pier was com¬ 
pleted, the other two were installed similarly, one at a time, the 
columns at each end being carried by the cantilever action of the 
grillage. 

When the breast of the subway excavation reached this build¬ 
ing, the water had nearly all been drained out, so that the ground 
stood up firm and hard. The space between the pits was then care¬ 
fully sheeted with long, horizontal 5-inch inter-pit sheeting, and 
the grillage was braced to the building across the street to prevent 
any lateral movement. The rock was then line-drilled and blasted 
out and the construction of the subway itself finished, the building 
being practically undamaged. 

GRILLAGE AND PILE UNDERPINNING 

643 Manhattan Avenue, Brooklyn, New York .—This 5-story 
brick building on the corner of Manhattan and Bedford Avenues, 
in the Greenpoint section of Brooklyn, fronts on the city-owned 
subway system (built in 1928-30), which was only 4.1/2 feet away 
from the building and extended to a depth of 19 feet below it. 
The building rested on a continuous rubble wall about 2 feet 
thick, which was supported by a mixture of fine-grained sand and 
clay, water level being about 4 feet below it. This created a quick¬ 
sand condition which prevented the sinking of box-sheeted pits, 
for the mixture of sand and clay was soft and not compact. Further¬ 
more, it went down indefinitely and, even if it had been possible 
to sink an open pit, it was unknown how far it would be necessary 
to go below subgrade. It was decided, therefore, to underpin the 
building with sectional steel piles, for with them the difficulty of 
installation does not increase much with depth. The design is 
shown on Plate 114. 

At the south corner of the building, two short inclined shores 
were installed in niches cut in the rubble masonry and were 
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tightened up with steel screw jacks. A small trapezoidal pit was 
then sunk directly under the corner, removing only about 4 square 
feet of the bearing area of the footing. This was sunk to about 
water level, so as to secure as much headroom as possible without 
the loss of much ground. About 4 feet of headroom was thus se¬ 
cured. Sectional steel pile No. 1 was then jacked down to a depth 



PLATE 114. GRILLAGE AND PILE UNDERPINNING OF 643 MANHATTAN AVE¬ 
NUE, BROOKLYN, NEW YORK 

Reinforced concrete grillage. 

of about 5 feet below subgrade, where it rested on a stratum of fine¬ 
grained, water-bearing sand and clay. It was pretested to a load of 
50 tons and wedged up. Then another small pit was sunk at the 
north end of the building in a similar manner and sectional steel 
pile No. 2 was installed, after which the first pit was enlarged and 
pile No. 3 was installed. In a similar manner, piles Nos. 4, 5, and 
6 were completed. The tops of each group of piles were then tied 
together by pouring a concrete cap to a height of about one foot 
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PLATE 115. CRACKS CAUSED BY LATERAL MOVEMENT OF UNDERPINNING 
Note the marked outward movement of the corner column at the sidewalk level. 

above the top of the piles. This served to prevent the wedging 
beams from jackknifing and made those in each group act in uni¬ 
son. 

It was necessary to install a grillage under the portion of the 
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rubble wall between the two groups of piles, because the wall could 
not span the space between them. In fact, it would be very unusual 
for any laid-up wall, under these conditions, to span safely a space 
of about 12 feet. Therefore, a reinforced concrete grillage or beam 
was installed under it, resting, at each end, on the concrete caps 
of the piles. This grillage, or reinforced concrete beam, was easily 
made by first digging a small hole under the center of the wall 


PLATE ll6. CRACKS CAUSED BY 
LATERAL MOVEMENT OF UN¬ 
DERPINNING 


about 2 or 3 feet square and 2 feet deep, and wedging up on a steel 
plate about 2 feet square with a short vertical I-beam. When this 
was wedged up, the rest of the earth underneath the wall was re¬ 
moved, the reinforcing rods were placed, forms were built, and the 
concrete poured to within about 2 inches of the rubbly stone. 
After this had set, the space between was dry-packed. 

When the excavation for the subway was made, the sides of the 
cut were protected with vertical 3-inch sheeting and the building 
was braced to those on the opposite side of the street against lateral 
movement. The subway construction was completed without any 
physical damage to the building and the total settlement was about 
i/ 4 of an inch. 

Plates 115 and 116 illustrate a similar building that was under¬ 
pinned under more or less the same conditions (except that the 
building was farther away from the subway cut) and where, be- 
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cause of lateral movement, the result was not so successful as that 
just described. The soil was a fine-grained mixture of water-bear¬ 
ing sand and clay, which constituted a quicksand condition. The 
underpinning piles extended well below subgrade, although the 
subway was 10 or 15 feet away—so that it was most unlikely that 
the soil at the base of the piles would be disturbed or that the bulb 
of pressure, once formed by the pretesting, would be impaired by 
the excavation for the subway trench. 

Very slight settlement, less than \/ A of an inch, took place during 
the underpinning operations, but when the subway trench was 
excavated a great deal of ground was lost through leaks in the sub¬ 
way sheeting and through permitting the sheeting of the sides of 
the earth bank to move laterally away from the building itself. 
The structure was thus left with but very little lateral support or 
bracing and, as a consequence, the corner moved about 2I/9 or 3 
inches to the south. As referred to in Chapter I, this threw a very 
heavy load, from the prism of moving earth, on the underpinning 
piles and they, under the additional load, settled about 214 inches, 
damaging the building. 

Plate 115 shows the easterly facade, the lateral movement having 
taken place to the south, or to the left as one looks at the illustra¬ 
tion. The cracks in the masonry caused by the lateral movement 
and the settlement are visible between the different floors and a 
close inspection of the corner will show how very considerably out 
of plumb the column of the store front is—about 2\/ 2 inches in 
10 feet. Plate 116 shows the damage to the basement walls caused 
by the lateral movement in the same building. This incident again 
emphasizes the very great necessity for providing adequate bracing 
to prevent lateral movement of buildings which have been under¬ 
pinned for the purpose of permitting an excavation to be made. 

UNDERPINNING A FOUR-TRACK SUBWAY 

One of the best plans for underpinning a four-track subway for 
the purpose of constructing another one which had to pass under¬ 
neath it, transversely, is that used at Lafayette and Houston Streets, 
New York City, in 1930. It is unique in that it was accomplished 
without entering the subway at all. 

The Lafayette Street subway is part of the main line of the first 
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subway system built in New York, beginning in 1902. It is con¬ 
stantly used almost to its full capacity and any disturbance to its 
operation would be a very serious thing for the city. It consists of 
four tracks—a local and an express track for both north- and south¬ 
bound traffic. It was built in an open trench. After the trench had 
been dug, an unreinforced concrete floor about 14 inches thick was 
poured, with pedestals to serve as footings for the columns of the 
transverse steel bents, which were on 5-foot centers longitudinally. 
After the steel was erected, concrete arches were poured between the 
beams to form the walls and roof. A single curtain wall was poured 
between the middle line of columns. The material in which the 
subway was built was dry coarse sand and the subgrade was about 
23 feet below the street. 

In 1930, when the four-track cross-town Houston Street branch 
of the thiid and latest subway system was under construction, it 
was necessary to pass not only under the Lafayette Street subway, 
but under the Broadway subway as well. The same general scheme 
was used in both cases. The new subway, to give the necessary 
clearances, was placed with its subgrade 24 feet below the upper 
one, or about 47 feet below the street. This placed the new sub¬ 
grade about 3 feet below the ground water level. The material 
was coarse sand and, with the aid of two pre-drainage sumps (pre¬ 
viously described in Chapter III), the water level was easily low¬ 
ered and all the work done in the dry; the water hazard was en¬ 
tirely eliminated. The method of underpinning is shown on Plate 
117. The first step was to excavate a trench the full width of the 
new subway on each side of the one to be underpinned, about 30 
feet deep, leaving protecting earth banks, or berms, on each side 
of the subway, as shown on Plate 117, Fig. 2. 

Drifts were then started from each side, about 5 feet wide and 
5 feet high, under one of the transverse steel bents of the subway. 
The center lines of these drifts are the dotted lines shown on Plate 
11 7 > Fl g- 1. the bents being 5 feet apart. As the bottom of the sub¬ 
way was exposed, under the side walls heavy steel plates (12 inches 
wide, u/ 2 inches thick, and 4 to 5 feet long, backed up with a rich 
mortar to give a good contact with the old concrete) were placed 
in position as shown in Fig. 3. Two posts, generally 6 " x 12" or 
12" x 12", on suitable foot blocking, were then installed and 
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wedged up by means of the pretest method. The heading was then 
advanced and under each rail another steel plate was placed and 
the posting process repeated, the sides of the drift being held with 
horizontal sheeting between the posts. When the heading reached 
a footing of a steel column, a temporary inclined raker was in¬ 
stalled against a steel plate (see Plate 117, Figs. 2 and 3). As the 


Courtesy Corson Construction Corporation 

PLATE ll8. LAFAYETTE STREET SUBWAY TEMPORARILY SUPPORTED ON 
14-INCH H-BEAMS AND WOODEN POSTS 

heading advanced, three sets of plates and posts were installed un¬ 
der the column footing and the temporary raker was then removed. 
Finally the two headings would meet and one drift would be com¬ 
pleted. About three drifts at a time were driven but not closer 
than 20 feet, center to center, unless one of them had been pre¬ 
viously completed. 

When a drift had been finished in this manner, a 14-inch 
H-beam, 106 pounds to the foot and about 60 feet long, was in- 
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stalled on the center line of the drift, thus being directly under 
a steel bent of the subway above, extending about 4 feet beyond 
the subway line on each side, as shown in Plate 117, Fig. 4. It was 
supported at each end by the blocking shown outside the subway 
limits and in the drift by 12" x 12" posts on about 15-foot centers 
resting on blocking, giving a bearing of about 11 square feet on the 
soil. These posts were wedged by the pretest process, the spaces 



Courtesy Corson Construction Corporation 

PLATE lig. LAFAYETTE STREET SUBWAY SUPPORTED ON PERMANENT 
PLATE GIRDERS AND TEMPORARY UNDERPINNING PILES 

Note shims and wedges used in pretesting between plate girders and grillages. 

H-beams inserted in the underpinning piles are visible in one or two cases. Note 

short steel struts from H-beams to plates in roof. Compare with Plate 117, Fig. 3. 

between the steel plates and the tops of the H-beams being carefully 
filled with shims. The original posts in the drifts could then be 
removed when a drift was driven alongside. In this manner, 
finally, the whole subway was temporarily supported by means of 
the H-beams and posts on about 15-foot centers in one direction 
and 5-foot in the other—all the earth, sheeting, incidental posts, 
and so on, having been removed. Angle struts shown in Plate 117, 
Fig. 3, were placed to stiffen the plates. The status of the work at 
this period is shown on Plate 118. 
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Courtesy Corson Construction Corporation 


PLATE 120. LAFAYETTE STREET SUBWAY SUPPORTED ON UNDERPINNING 
PILES, SHOWING SWAY BRACING 

Note also at tops of piles I-beam grillage and plate girders shown in a close-up 
before excavation in Plate 119. 

The next step in the operation was to jack 80 temporary under¬ 
pinning piles down 10 feet below subgrade. These were thin- 
shell steel piles about 30 feet long, 14 inches in diameter, with a 
7/64-inch wall, and filled with concrete. They were tested to about 
80 tons each but not wedged. In the upper part of the pile there 
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was placed, in the concrete, a vertical H-beam, to which was even¬ 
tually fastened a grillage of 24-inch I-beams, shown on Plate 117, 
Fig. 3, and Plate 119. But before these grillages were placed, the 
permanent plate girders were brought in piecemeal, riveted to¬ 
gether, and placed in position. They are shown on Plate 117, Fig. 
4, and Plate 119. When the plate girders were in position, the 
grillages were installed and the pile groups pretested to 90 tons per 
pile. That is, 2 pile piers were pretested to 180 tons and 4 pile piers 
were pretested to 360 tons. The temporary wooden posts were then 
all removed and the subway wholly carried, through the 14-inch 
H-beams and the permanent plate girders, by the underpinning 
piles. The status of the work at this stage is shown by Plate 119. 

# While all this work was going on, the side walls of the new 
subway were being built by sinking, to the necessary depth, hori¬ 
zontally sheeted pits, about 4' x 5' in size, and filling them with 
the reinforced concrete. They were wedged and dry-packed against 
the bottom of the floor of the old subway and any spaces behind the 
wall were grouted. The pits are shown on Plate 117, Fig. 1. The 
space between the bottom of the horizontal H-beams and the un¬ 
derside of the floor of the old subway was then filled with concrete 
pneumatically placed. The excavation of the cut for the new sub¬ 
way was then commenced and, as the underpinning piles were ex¬ 
posed, they were sway-braced as shown on Plates 120 and 117, Fig. 
3, 7 and such other bracing as was required against the side walls was 
installed. This excavation was then completed, the floor slab (al¬ 
most four feet thick) poured, and the permanent steel columns 
placed on it and wedged against the plate girders. The underpin¬ 
ning piles and grillages were then removed and the whole opera¬ 
tion finished. No damage to the old subway structure has occurred. 

UNDERPINNING ELEVATED RAILROAD COLUMNS 

112th to i22d Streets, on Eighth Avenue, New York City. — The 
four-track subway along Eighth Avenue is wider than the distance 
between the columns of the elevated railroad, which runs over¬ 
head. Consequently, to build the subway, it was necessary first to 
support the elevated railroad columns during the excavation pe- 

7 Modern welding practice would greatly simplify this sway bracing and also make 
it more effective. 
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nod, and subsequently place them on the roof of the completed 
structure. About no extremely tall columns were involved, the 
base of rad of the elevated road being about 70 feet above curb. 
Plate 121 gives a view of the elevated railroad from the street. 


PLATE 121. ELE¬ 
VATED RAILROAD 
AT 11 6th STREET 
AND EIGHTH AVE¬ 
NUE, NEW YORK 


Courtesy Heyman and Goodman, Inc. 

The general plan adopted, and its successive steps, are shown 
in Plate 122. The first step was to excavate a sheeted pit to the 
bottom of the column footing, which in every case was a trun¬ 
cated pyramid of brickwork resting on sand above water level. This 
pit was made large enough to expose completely the footing on all 
four sides and in addition to give a working space about 3 feet 
wide at the north and south sides. Next, a small hole was cut run¬ 
ning from north to south through the center of the foundations, at 
the proper elevation, generally 3 or 4 feet below the top of the brick¬ 
work so that the needle beams to be inserted in it would be just 
above the level of the roof of the future subway. In this hole two 
20-inch I-beams about 16 feet 6 inches long were placed, and the 
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PLATE 122. METHOD AND DETAILS OF UNDERPINNING ELEVATED RAILWAY 


COLUMNS AND PLACING THEM ON NEW SUBWAY ROOF 
{See also opposite page) 

space around them was concreted and carefully grouted. Then 
on one side of the footing, a niche was cut and a third beam in¬ 
stalled. When this one had been concreted and grouted, the fourth 
beam was similarly installed on the other side. These beams were 
the final support of the columns and were put in first in order to 
post to them from the ground, should this prove necessary during 
the underpinning operations. (They are shown on Plate 122.) 
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Steel Elevated 



PLATE 122 ( Continued ). METHOD and details of underpinning ele¬ 
vated RAILWAY COLUMNS AND PLACING THEM ON NEW SUBWAY ROOF 


One at a time, a series of 6 pits was sunk under the old founda¬ 
tions to the subgrade of the subway as shown on Plate 122, the 
horizontal pit-board method being used. In each pit an underpin¬ 
ning pile was installed, pretested to 40 tons and wedged up, after 
which the pit was concreted and dry-packed against the old foun- 
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dations. The subway was then excavated, leaving the column 
foundations with their underpinning standing clear. 

The subway was built on each side of the column, underneath 
the projecting needle beams. These were wedged on the subway 
roof by the pretest method and the lower parts of the original foot¬ 
ing and the underpinning were then removed. The gap in the 
subway structure was then completed. 

Park Row Elevated Columns, New York City. — Another method 
of underpinning an elevated railroad column was that used on 
Park Row, New York, as shown on Plate 123. Here the column 
had previously been underpinned on a heavy concrete pier which 
was in the way of the Nassau Street subway. The problem was to 
re-underpin it so as to permit the building of the subway structure. 
This was accomplished by a steel tower of 6 inclined posts, each 
post so placed as to miss the proposed steel subway bents. After 
placing the tower, the entire load was picked up by pretesting the 
steel posts as a group, lifting the column clear of its base, which was 
later removed. This method has quite a wide application in cases 
such as this, and also where it is difficult to place underpinning 
units directly below the footing to be underpinned. It provides 
a very stable support and one which can be thoroughly tested be¬ 
fore the removal of the original base. 

Elevated Railroad Columns at Pearl and William Streets , New 
York City. — Many elevated railroad columns have been under¬ 
pinned in New York with no serious accidents and with but little 
inconvenience to traffic. Very many different methods have been 
used for temporarily carrying the columns, with their ten-train 
loads, while the new foundations were being built. A typical prob¬ 
lem is to support an elevated column having a load of approxi¬ 
mately 80 tons, while the subway trench is dug to about 30 feet 
below curb, and the subway structure itself built. Then the col¬ 
umn is placed on the subway roof which is designed for that pur¬ 
pose. 

The following is one of several methods that have been widely 
used by contractors, and was used at the above location. It con¬ 
sisted of driving two groups of four 14-inch concrete-filled steel 
piles for each column. This was necessary because water level was 
about 10 feet below curb and it was impracticable to get pits down 
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PLATE 123 . UNDERPINNING ELEVATED RAILROAD COLUMNS, PARK ROW, NEW YORK 
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to subgrade because of quicksand. With a small drop hammer these 
piles were driven in shallow pits from the street surface to a depth 
of about 5 feet below the subgrade of the future excavation, and 
were in such a position as not to touch the permanent steel of the 
subway structure. When completed, each group was capped with 
a small concrete cap, reinforced with rods to tie the piles together. 
The piles (loaded to about 10 tons each of live and dead loads 
in the design) carried the A-frame which supported the column 
and elevated structure, the details of which are shown on the 
accompanying Plate 124. 

One of the features of this design is that the legs of the A-frame 
are free to slide on the 12" x 12" sills, but are prevented from 
moving apart by the four 3 / 4 " x 3" iron straps which react through 
the 4-inch steel pin, which in turn is held in position by an iron 
block firmly bolted to the legs of the A-frame. When settlement 
occurs from time to time, for any reason, the pins can be jacked 
down, and, by bringing the legs closer together, made to take up 
such settlement. 

PRETESTING FOOTINGS 

Dade County Court House, Miami, Florida . — This building, 
after careful soil tests, was placed on spread footings founded on 
an iEolian coral rock. Limestone bedrock is probably 1,000 feet 
deep and beyond all practicable reach for foundation purposes. 
The soil tests showed that, for small areas of one or two square 
feet, the rock could carry a load of 7 tons per square foot with a 
settlement of one inch (see Plate 190). In the design a load of 
5 tons per square foot was adopted, but it developed that the tests 
were very misleading when the results were applied to larger areas. 

The building is stepped back at the fourth story, and again at the 
seventh, whence the tower rises to a height of 28 stories. During 
construction a continuing settlement occurred, being about three 
times greater under the tower than under the 3-story exterior. 
When the settlement under the tower reached 41^ inches, remedial 
measures were decided upon. These were successful in preventing 
further settlement after completion, though a settlement of an 
additional 1 i/g inches occurred before the work could be installed. 











PLATE 124 . UNDERPINNING ELEVATED RAILROAD COLUMNS, PEARL AND WILLIAM STREETS, NEW YORK 
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Only the tower footings were underpinned, which had the effect 
of arresting the settlement in the entire building. 

The ground is composed, at the surface, of iEolian coral rock, 
locally known as “ojus,” which extends 12 feet below the bottom 
of the footings, and below this there is a stratum of coral sand. 
About 24 feet below the bottom of the footings there is another 
stratum of “ojus” rock about 3 feet thick. It was decided to in¬ 
stall steel piles to this stratum around and between the footings 
(since it was unsafe to dig directly under the footings because of 
the water), wedging and pretesting the piles against plate girders 
properly designed to span from column to column, thus under¬ 
pinning half of the tower column footings which were those with 
the maximum settlement. Enough piles only were to be installed 
to take care of 40 per cent of the total column loads. It was hoped 
that this might have the effect of arresting all movement in the 
building. It was very successful, though it was subsequently neces¬ 
sary to underpin the other half of the tower footings before all 
movement of the building ceased. 

It was planned to drive the piles with a pneumatic hammer; 
but in driving the first pile, which drove very easily, the vibration 
caused a settlement of 5/16 inch in an adjacent column. This 
method was then immediately abandoned and jacking against 
temporary I-beams for a reaction was resorted to; this was a slower 
and more expensive method, but one that was free from vibration 
or shock. When home, the piles were cut off, concreted, and given 
a preliminary test of 60 tons. The temporary I-beams were then 
removed, plate girders were installed, and the piles pretested and 
wedged to a load of 50 tons on the jacks. No column settled again 
after its underpinning had been wedged up. A column with its 
completed underpinning is shown on Plate 125. Altogether the 
14 columns had 97 piles installed for their support. 

After the columns supporting the westerly half had been under¬ 
pinned, the footings supporting the easterly half of the tower con¬ 
tinued to settle, so it was decided to pretest those foundations 
directly by using the weight on the column as a reaction and 
thrusting the footing itself, by means of a number of hydraulic 
jacks, into the ground. The theory, based on the bulb of pressure, 
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was that it might be possible to consolidate the ground sufficiently 
to enable it to carry its load. Short plate girders were riveted to 
the steel columns for a reaction and the columns were pretested 
in groups of 6 to 8 at a time to a 30 per cent overload. This test 



PLATE 125. UNDERPINNING OF DADE COUNTY COURT HOUSE, MIAMI, 
FLORIDA 

Plate girders and piles were used because it was unsafe to dig directly under the 
footings. 1 

load was continuously maintained night and day for upwards of a 
week until all settlement had ceased for at least 48 hours. Then 
the steel columns were wedged up against the steel billets of the 
footings and the jacks removed. This operation is shown on Plate 
126. 
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All of the columns would have been pretested simultaneously 
had enough hydraulic equipment been available. The pretesting 
of the footings was completely successful and no column settled 
again after being thus treated. 

The Yankee Stadium, Bronx, New York . — The idea of pretest¬ 
ing footings, originally devised in connection with a method 8 of 
installing foundations, has a rather wide application. Amongst 
other installations, it was used in the construction of the Yankee 
Stadium when that structure was built near the Harlem River in 
Bronx Borough of New York City some years ago. The site was 
an alluvial swamp into which had been thrown great quantities 
of riprap fill. To dig this riprap down to rock would have entailed 
a very great expense, so it was designed to make a pretest founda¬ 
tion operation by putting in large spread footings which rested on 
the riprap, leaving holes in the walls and columns through which 
needle beams could readily be inserted. Using these beams as a 
reaction, the footings were from time to time pretested. It made 
an easy job and a satisfactory solution for a rather difficult founda¬ 
tion problem. 

Hudson Department Store, Detroit, Michigan . — Another in¬ 
stance of pretesting footings was during the construction of an 
addition to the Hudson Department Store in Detroit, in 1928. It 
was necessary to sink by the Chicago well method two caissons, 
about 4 feet in diameter and 100 feet deep, to hardpan immedi¬ 
ately alongside the spread foundations of the existing Hudson 
store. The adjacent spread foundations carried two steel columns 
with a load of 600 tons each. It was feared that the sinking of 
these caissons would affect the carrying capacity of the spread foot¬ 
ing and thus cause settlement in the building. It was decided, 
therefore, to pretest these footings during the operation of sinking 
and concreting the adjacent caissons. To this end, brackets were 
welded to the columns and four hydraulic rams, 81^ inches in 
diameter, were placed under each of them, reacting on the spread 
footings during the entire operation. The operation was carried 
on continuously, 24 hours a day, instrument readings being taken 
every 6 hours to determine whether any settlement had occurred. 
Upon the completion of the jacking the welded brackets were re- 

8 Patented by Lazarus White. 








PLATE 126. PRETESTING GROUP OF FOUR SPREAD FOOTINGS, MIAMI, FLORIDA 

A: Hand hydraulic pumps. B: Pressure gauges. C: Flexible copper hydraulic lines. D: Jack¬ 
ing dice. E: Hydraulic jacks. F: Wedges and shims. G: Billet. H: Spread footing. 

Tests were kept up until all settlement had ceased for 48 hours. This sometimes took a week. 
The columns were securely wedged against the footings during the tests. 
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moved and the columns restored to their original condition. In 
this manner danger to the adjoining building was eliminated and 
the necessity of underpinning avoided. 

Aetna Building, iyi William Street, New York City .—Pier 
underpinning was installed beneath a 5-story masonry building 
adjoining the proposed new Aetna Building. Borings showed 90 
to 130 feet of loose sand, peculiar to certain vicinities on Man- 


PLATE 127. MAINTAINING PRETEST OF UNDERPINNING PILES WITH HYDRAU¬ 
LIC SCREW JACKS WHILE DRIVING PILES, AETNA BUILDING, NEW YORK 

hattan Island, above hardpan and sound rock. Because of the un¬ 
certain quality of the material at subgrade, underpinning piers 
were pretested to the underside of the rubble footing and hydraulic 
screw jacks left in place to maintain the pretest during the driving 
of io^ 4 " pipe piles adjacent to the underpinning (Plate 127). 

Underpinning piers were installed to various depths below the 
adjacent driving level in order to determine at what depth there 
would be no disturbance to the underpinning. As driving pro¬ 
gressed, the jacks maintained the existing building load and settled 
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certain piers as much as 4 inches. It was disclosed that negligible 
settlement took place where piers had been installed at depths 6 
feet or more below the ground surface. When driving was com¬ 
pleted, piers were pretested to an overload capacity and jacks re¬ 
moved (Plate 128). 

The above investigation clearly showed that the initial soil 
compaction achieved by pretesting the underpinning pits, plus the 


PLATE 128. UNDERPINNING PIERS PRETESTED TO OVERLOAD CAPACITY, AT 
COMPLETION OF PILE DRIVING, AETNA BUILDING, NEW YORK 

weight of the earth overburden above the bottom of the pits, 
localized pile-driving disturbance in soil of this type. 


COMPRESSED-AIR CAISSON METHOD 

Western Union Building, New York City .—This building, 
located at 24 Broad Street, had to be underpinned in connection 
with the foundation of the Commercial Cable Building at 26 
Broad Street. This whole operation is of great interest because it 
was on this job in 1896 that jacked sectional steel piles and small 
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compressed-air caissons were first used for underpinning purposes. 
They were devised and patented by Jules Breuchaud and J. B. 
Goldsborough, the contractors, in conjunction with their consult¬ 
ing engineers, Alfred Noble and T. Kennard Thomson. 

The foundations of the Commercial Cable Building, as can 
be seen from Plate 129, consisted of compressed-air caissons to 
rock, the exterior caissons forming a continuous cofferdam en- 
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(From Transactions of the American Society of Civil Engineers, vol. xxxvn, p. 31 .) 

PLATE 129. CROSS SECTION OF FOUNDATIONS OF COMMERCIAL CABLE BUILD¬ 
ING, NEW YORK, AND ADJOINING UNDERPINNING 

Pile underpinning was used for the building on the left, but compressed-air caisson 
underpinning was used to get down to bedrock under the Western Union Building 
on the right, because its greater weight made this seem necessary. 

tirely around the site. Two stories below the street level were 
provided in the plan, requiring excavation 30 feet below Broad 
Street and 36 feet below New Street. The lower story and part 
of the next were below water level in fine-grained Manhattan 
quicksand. The ledge rock was about 50 feet below the street and 
was overlaid by a stratum of hardpan about 5 feet thick. 

The first sectional steel piles were installed under a small 4-story 
building in the southwestern corner of the plot. The depth from 
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the bottom of the footings to the hardpan was 33 feet, and nine 
piles were used in a length of wall of 57 feet. They were of 10- 
inch pipe with 3 ^-inch wall and were connected with outside 
sleeves and butt joints. No movement of the building resulted. 

Emboldened by this preliminary success, the contractors decided 
to use similar methods on the Western Union Building, which was 
seven stories high but of very heavy construction. This building 



PLATE 130. COMPRESSED-AIR CAISSON UNDERPINNING OF THE WESTERN 
UNION BUILDING, NEW YORK 

was founded on wooden piles about 17 feet long, the points of the 
piles being 25 feet above the bottom of the new excavation. In 
a length of wall of 88 feet, nine caissons were used for the under¬ 
pinning because it was impossible to sink piles to rock. It was felt, 
because of the much greater weight of this building and because 
of the additional fact, as can be seen from Plate 129, that the cais¬ 
sons for the new building had to be carried down to rock imme¬ 
diately alongside the underpinning, that the underpinning, too. 
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should rest on bedrock. The caissons were 30 inches in diameter, 
some of cast iron and some of steel. A portable and easily con¬ 
nected air lock was used and no serious difficulty was encountered 
in the work. Because it was incidental to other compressed-air 
work, special air plant was not required. The underpinning is 
shown in elevation in Plate 130. 

The first step was to cut out two niches for caissons—say, for 
the second and the seventh—about 12 feet high and 4 feet wide. 
At the top they were enlarged as a slot about 7 feet long, and four 
steel I-beams were installed for a jacking reaction and to carry the 
final load. The caissons were then sunk, most of them reaching 
rock, the others stopping on hard hardpan or boulders. When 
home, they were concreted. Additional slots near the bottom of the 
foundations were then cut out, four additional I-beams were in¬ 
stalled, and they were then wedged against the I-beams in the up¬ 
per slot by means of four vertical beams. Then this steel was 
wedged to the caissons and the niches were bricked up. In this 
manner all nine caissons were successfully installed. 







V. Applications of Underpinning 
Methods to Other Work 


I HE methods developed in underpinning work, and previously 
described in detail, have been applied very successfully to other 
work. Especially have they been of great value in developing new 
types of foundations which are economical and which save much 
time on building operations. 

STEEL CYLINDER FOUNDATIONS 

The oldest application of modern underpinning methods to 
new foundations was made by Clarke, who probably received his 
inspiration from the work done by Breuchaud and Goldsborough 
with sectional steel pipe piles and cylinders. This type of foun¬ 
dation, known by various trade names such as Hercules Piles and 
Tuba Steel Cylinders, has been very extensively used for all types 
of structures. It consists of steel cylinders driven by compressed-air 
or steam hammers to rock or other firm bearing. The cylinders 
generally are from 12 inches to 18 inches in diameter, driven with 
open ends, and are excavated by compressed-air blowpipes or by 
water jets. The lengths of pipe used are generally about 20 feet. 
When it is necessary to add another length, a cast-steel sleeve, 
which is shown on Plate 133, is used to join the lengths. The thick¬ 
ness of the wall varies from 5/16 of an inch to perhaps i / 2 of an 
inch, but usually a 3 ^-inch wall is used. The capacity of these 
cylinders is given in Chapter I, page 31. When they are home and 
completely excavated, they are cut off at a designated level and 
filled with concrete. 

This type of foundation is normally used where bedrock or 
hardpan is from 20 feet to 50 feet below the cellar floor, although 
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such cylinders have frequently been used up to 100 feet in length, 
and occasionally longer. In the case of the foundations 1 for the 
ventilating building of the Holland Tunnel under the Hudson 
River, the cylinders were about 250 feet long and were from 20 
inches to 24 inches in diameter. Where driving conditions are 



PLATE 131. TUBA STEEL 
FOUNDATION PLAN 

8-15" means 8 piles 15 inches in 
diameter, filled with concrete. 


American Surety Bu/ld/ng,N. Y.City 
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favorable, the steel tubes are often provided with conical steel or 
cast-iron points and are thus driven with a closed end to rock or to 
a stratum of good bearing capacity. 

A typical steel cylinder layout is shown on Plate 131. 2 It is a part 
of the foundation for the American Surety Building at 100 Broad- 

1 This very interesting operation is described in the Engineering News-Record, 
Feb. 8, 1923. 

3 The allowable loads on tuba steel cylinders have been increased substantially by 
the New York City Building Code revision of 1948. See p. 31. 
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PLATE 132. PILE LEADS WITH SINGLE-ACTING STEAM-PILE HAMMER 

way in New York City, which is 22 stories in height. Plate 132 
shows the cylinders being driven by a Vulcan hammer of the grav¬ 
ity type. Plate 133 shows a cluster of these cylinders, the blowpipe 
for excavating the earth in the pile by means of compressed air at 
100 pounds pressure, a device for guiding the burning torch, a 
reciprocating type of compressed-air hammer (McKiernan-Terry), 
weighing about 5>5 00 pounds, and a steel connecting sleeve. 
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The diameter of the cylinder varies greatly, the smallest that 
are customarily driven being 10 inches. Occasionally extra large 
ones are used; in one operation they were 54 inches in diameter, as 
shown on Plate 134. In driving these extra large cylinders (which 
are really caissons), two driving hammers were connected up in 
tandem, a special driving head was made for the top of the caisson, 
and the hammering was done with the two hammers hitting in 
unison. Very often good progress can be made by using one heavy 


PLATE 133. EQUIPMENT FOR DRIV- 
ING STEEL PILES 


hammer driving on a heavy cross beam as a driving head for the 
caisson. The successful use of these large cylinders depends on 
having ground free from obstructions. If obstructions are en¬ 
countered in quicksand, it is practically impossible to get the 
cylinders down without the use of compressed-air methods or the 
use of divers, which may be even more expensive. If divers are 
used, they are sent down to remove the obstructions after the cylin¬ 
der has been filled with water to equalize the head inside and out¬ 
side, in order to avoid the creation of boils. 
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PRECONSTRUCTION OF FOUNDATIONS 

Underpinning methods have been especially successful when 
applied to new foundations to be installed at the following periods: 
(1) before the demolition of the old building occupying the site 
has been started, and while the old building is still fully used and 
occupied, except perhaps for parts of the basement; and (2) dur¬ 
ing the demolition of the old buildings occupying the site of the 
new one. 

By these two methods the foundation work can be done simul¬ 
taneously with other operations; in addition, the time needed for 
excavating the site can be saved, as well as the cost of the usual 
cross-lot bracing in the case of deep basements. Such foundations 
are more expensive in labor and material but, because of the time 
saved, they often show a great saving in cost over the usual routine 
of building construction. This generally consists first of demolish¬ 
ing the old structure, then of excavating the site, incidentally brac¬ 
ing the earth banks with sheeting and installing underpinning 
where necessary. After this the new foundations are constructed 
and the new building is then erected. In cities where property 
values are large, taxes heavy, the interest on the investment during 
the construction period great, and where rent rolls on individual 
buildings often run from $5,000 to $15,000 per day, time becomes 
a very essential factor. Furthermore, besides these considerations, 
which involve money cost directly, another important considera¬ 
tion is the fact that very often the saving of time is advantageous 
in the continuity of a business. For instance, a department store 
moving to a new building gains a very great deal if the time lost in 
moving is reduced to a minimum. When any or all of these factors 
are present, then these expeditious methods are of value. 

First Method .—An example of the first method referred to— 
that is, the construction of the foundations for a new structure 
while the old building was in complete use—was the work 3 done 
for the Abraham and Straus Department Store in Brooklyn. This 
store occupies practically the entire area of a very large block in 
the heart of Brooklyn, at Fulton and Hoyt Streets. The buildings 
were old and it was decided to improve the site with a modern 

3 See Engineering News-Record, Sept. 19, 1929. 
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PLATE 134. DRIVING A 54-INCH CYLINDER 

Two reciprocating-type compressed-air hammers were used in unison on a special 
heavy driving head. By using heavy strong beams across the top of the cylinders, 
better results are sometimes obtained with one hammer. 

new building. The first step was to be the construction of the new 
building on half of the site and, after that was completed and occu¬ 
pied, to demolish the remainder of the old structures, complete 
the new building, and thus finish the whole operation. 

The work on the new foundations had to be conducted in the 
basement where bargain sales are held. In order to discommode 
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the business of the store as little as possible, only the foundations 
of a few piers were built at a time, but by repeated operations they 
were all finished in a few months’ time. 

There were involved in this operation all phases of underpin¬ 
ning work. Columns had to be needled, walls had to be under¬ 
pinned (including the walls of the old structure which were not to 
be torn down on the first operation, as well as those of adjacent 
buildings), and all of the new foundation piers had to be sunk by 
the methods described. The curb walls were also installed in pits 
around the perimeter of the site where it fronted on the streets, so 
that the whole site was practically surrounded by thin concrete 
walls (the other walls being the concrete underpinning) before the 
buildings were vacated for demolition. Most of the material 
through which the pits were sunk was a dry glacial moraine, con¬ 
sisting of sand, boulders, and cemented gravel. Some of the boul¬ 
ders were enormous in size and very difficult to break. Then, dur¬ 
ing the erection of the building, the earth excavation for the 
double basement was dug out by electric power shovels and loaded 
into motor trucks, which were lowered into the basement and 
hoisted out again by electric truck elevators. 

The general scheme was to barricade off, by suitable partitions, 
a space in the basement about 35 feet square surrounding the loca¬ 
tion of 3 or 4 new columns. At each column a pit would then be 
sunk 30 to 45 feet as required, belled out to the proper size at the 
bottom, and the spread foundation for a new column installed. 
Then the original wooden basement floor was replaced over the 
hole, the counters were moved back into position and the parti¬ 
tions removed to the location of another new building footing, and 
the process repeated. Plate 135, Fig. 1, shows the work diagram- 
matically in cross section; Fig. 2 shows part of the foundation work 
proceeding on one side of a partition and the sales conditions 
which prevailed on the other side, during the progress of the work. 
On the two night shifts, the excavated materials from the pits (not 
that from the general excavation for the new basements) were 
hauled from within these partitions on truck-tractors to an elevator 
shaft where a self-dumping bucket was installed. This dumped 
through a third-story window into a muck bin erected over the 
sidewalk, from which the material was discharged directly into 
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motor trucks. The concrete was installed during the night shifts. 
By working thus, the footings were all finished in a few months’ 
time. 

The old buildings were old-fashioned 4- or 5-story brick struc¬ 
tures. After the sales incident to the Christmas holidays, the 
portion to be demolished was vacated, wrecking was started and 
completed in about two weeks’ time. When the buildings were 
completely demolished, the steel contractor erected his derricks and 
steel erection immediately commenced. The various foundation 
pits were uncovered and steel columns about 60 feet long were in¬ 
stalled in them. The steel floor system at the street level was con¬ 
structed, the derricks were jumped to the second floor, and the 
street-level floor was concreted. 

The two basements had then to be excavated; the lower one 
about 40 feet below curb. There were about 60,000 yards of exca¬ 
vation to be removed. As has been stated, the digging, which is 
shown on Plate 135, Fig. 3, was done by electric shovels, loading 
directly into motor trucks. These shovels were small, and espe¬ 
cially designed to revolve in a circle 16 or 18 feet in diameter. The 
columns were generally about 25 or 30 feet apart, but there were 
many narrow and constricted spaces. In addition, a heavy electric 
shovel was used for digging through the heavy masonry. 

The excavation was dug out bowl-shaped to subgrade so that 
earth berms were left against the curb walls and the underpinning 
walls, until the first basement floor was installed and concreted. 
This floor served as a suitable brace against the exterior earth pres¬ 
sures. Then the earth berms were removed and the lower base¬ 
ment floor system installed. In this manner substantially all tim¬ 
bering for the support of the earth banks was eliminated. The 
usual cross-lot bracing, which in this case would have been very 
extensive and costly, was entirely omitted. 

The trucks were hoisted on an elevator of special design, which 
made a hoist of 45 feet in about 20 seconds. It was equipped with 
a 100 horse-power hoist with manual control and with suitable 
counterbalances made of concrete. The guides were four 12" x 12" 
long-leaf yellow pine timbers. The safety dogs, which were of am¬ 
ple size, were of cast steel and by test proved to be adequate for 
their purpose. They are an important part of such installation. 
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Illustrations of the Abraham and Straus operation, showing 
needling, pits and pit-sinking methods, and so on, appear on Plates 
18, 20, 22, 31, 32, 33, 35, 36 and 37. 

As has been stated, the 20-inch reinforced concrete curb walls 
were installed in pits around the perimeter. The pits were about 
40 feet deep, sheeted with horizontal or box sheeting with louvres, 
and the muck hoisted out with the rigging shown in Plate 32. 
Alternate pits on 10-foot centers were first installed. These pits 
were 3 feet wide and 5 feet long. When they were down to grade, 
inside forms were built on the proper line, the steel reinforcement 
was placed, and the pits were concreted. Then the closure pits 
were similarly installed. By this method absolutely no disturbance 
to street pavements or subsurface structures occurred. 

The wall was designed w’ith horizontal as well as vertical rein¬ 
forcement. The vertical rods presented no problem but the hori¬ 
zontal rods caused a slight change in procedure. In the first set of 
pits, the ends of the horizontal rods were bent up (extending about 
4 feet vertically along each side of the pit). Then, when adjoining 
closure pits were installed, these vertical ends were bent down to a 
horizontal position; thus they overlapped sufficiently to give the 
effect of continuity. 

The time saved in this operation over a normal routine was four 
months. It is also quite probable that, owing to the large saving in 
the timbering and the entire absence of any street or subsurface 
restoration, the actual complete cost was not greater than that of 
the usual construction methods. 

Second Method .—An outstanding example of the installation of 
very difficult foundations for a new structure by the second method, 
that is during the demolition of the old buildings occupying the 
site, is the operation at 40 Wall Street, 4 New York City, for the new 
Bank of Manhattan Building. This structure, which towers 70 
stories above the street, is one of the tallest buildings in the world 
and is located in the heart of New York’s financial center. During 
the demolition of the heavily constructed old 13-story buildings on 
the site, open cylindrical caissons were jacked down at the location 
of each new column which was to rest on rock, using the weight of 

See Engineering and Contracting, February, 1930, and Engineering News-Record, 
April 24, 1930. 
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PLATE 135. PRECONSTRUCTION OF THE FOUNDATIONS FOR THE ABRAHAM AND STRAUS 
DEPARTMENT STORE, BROOKLYN, NEW YORK 
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the existing buildings as a reaction. The cylinders were jacked to 
hardpan, excavated, and the excavation was carried thence down 
to bedrock without sheeting. These caissons were then concreted, 
ready for steel columns. The erection of the steel for the new 
building was begun as soon as demolition of the old structures was 
completed. During the erection of the new superstructure, the 
basement was excavated and basement walls and floors installed. 
This operation was done almost exclusively by underpinning 
methods previously described in detail. 


.■Pier ofo/d'building 


•^'Adjoining t?sty bldg , 

• .: underpined bypretest-Jt^ 's§ 

• ^underpinning c/l/nde/y.j^^S 



10 20 30 40 50 

_ . - - u ~ 1 - 1 - 1-k 

''''‘-Old underpinning caissons, insia/ied when Bank ofAmerica* vSca ' e m FeeF 
was built, cutoff and used for support of new building 

PLATE 136. PLAN OF FOUNDATIONS FOR THE BANK OF MANHATTAN 
BUILDING, 40 WALL STREET, NEW YORK 


The material through which the foundation had to be installed 
was a mixture of very fine-grained sand and clay below water level, 
the regular Manhattan quicksand, and no more difficult ground 
is likely to be encountered. Compressed-air caissons have usually 
heretofore been used in order to get through this material. Hard- 
pan was about 50 feet below curb, and rock about 65 feet, but some 
caissons went nearly 100 feet before satisfactory rock was reached. 
It is estimated that this method of constructing the foundations, 
while expensive in itself, resulted in a large saving to the owners, 
because about five months’ time was saved in the construction of 
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the building. It is an entirely new departure in foundation prac¬ 
tice, so far as the authors know. The first section was completed in 
1929 and the second in 1930. 

The new building has about 100 columns. Of the foundations 
for these, about 80 were caissons to rock, and the remainder were 
of the steel-tube pile type, very similar to the underpinning piles 
described in this work and referred to in the beginning of this 
chapter as steel cylinder foundations. 

The site was occupied by a large, 13-story building and four 
smaller buildings. The installation of the new foundations began 
simultaneously with the demolition of the old buildings. Although 
preliminary work was begun on May 1, 1929, occupancy of the 
easterly half of the property could not be had until May 16, when 
active foundation work and demolition were started simultane¬ 
ously. On June 18, all the buildings were demolished and prac¬ 
tically all the foundations were ready for steel. The steel con¬ 
tractor moved in and started to erect steel just a month after the 
foundations for the easterly half were started. The demolition of 
the building was prosecuted night and day, seven days a week, as 
was the work on the foundations. The buildings were of the old- 
fashioned semi-skyscraper type and, being laid up in cement mor¬ 
tar, were very difficult to wreck. 

Plate 136 shows in plan the details of the new, as well as the old, 
foundations and their relation to each other. A cross section of the 
work is shown on Plate 137, with notes which explain some of the 
features of the work. Practically all of the caissons were sunk by 
using the existing building as a reaction to jack against, by meth¬ 
ods already described in Chapter III, using power hydraulic pumps 
and accumulators. Two or three were hammered down. They 
were about 414 feet in diameter. Plate 138 shows one being jacked 
down while Plates 52 and 134 show other views of this work, such 
as looking down a caisson, winches, and hoisting gear. In the case 
of those foundations which were to carry the 70-story tower part of 
the building, however, these caissons were not sufficient in size to 
carry the final load. In these instances they were, nevertheless, in¬ 
stalled in the proper locations and when down to firm hard rock 
were concreted. Then, after the basement had been excavated, 
they were enlarged by means of steel sheet piling to the necessary 










PLATE 137. CROSS SECTION OF THE FOUNDATIONS FOR THE BANK OF MANHATTAN 
BUILDING, 40 WALL STREET, NEW YORK 
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size, before the column had acquired its full load. Plate 139 shows 
one of these being enlarged. 

It will be noted in Plate 137 that the old curb walls were not 
removed but were underpinned, new ones being subsequently 


PLATE 138. JACKING 44-INCH CYLINDER FOR THE BANK OF MANHATTAN 
BUILDING FOUNDATIONS 

Note hydraulic lines, pressure gauge, valves, emergency electric flash lamp, tem¬ 
porary reaction beams, jacks, and other details. 

built inside of them. The elevation of the various portions of the 
work were as follows: 


Pine Street curb .plus 32 

Wall Street curb.plus 24 

Existing cellars .plus 18 

Water level .plus 5 

General excavation (average) .minus 4 

Hardpan average .minus 20 

Rock average .minus 37 
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After the erection of the building had been begun and some of 
the concrete floors poured so as to protect the workers down below, 
the basement was excavated. The muck was shoveled by hand into 
truck-tractors, and these emptied into self-dumping buckets, un¬ 
loading directly into motor trucks. There was no room to build 
storage bins because space of any description was at a very great 
premium in this congested neighborhood. 

Another example of the second method, that is, of the construc¬ 
tion of the foundations for a new building during the demolition 
of the old one occupying the site, is the Hudson Department Store 
in Detroit, Michigan. This structure occupies a whole city block 
on Woodward Avenue in the heart of the business section. It was 
built in two sections, the first part being that occupied by the orig¬ 
inal store, and the second being that part which was subsequently 
acquired. ’ 

The geological conditions are vastly different from those obtain¬ 
ing around New York. The rock floor is at fairly uniform level, 
about 130 feet below the street level, the city being located on a 
plain. The rock is a freely water-bearing limestone; the water is 
under great pressure and is heavily laden with sulphuretted hydro¬ 
gen and marsh gas. Overlying this rock is a hard, dense stratum of 
hardpan about the consistency of concrete two or three days old. 
This stratum is about eight feet thick and above it, to the surface, 
is a gray clay stratum—generally firm but occasionally containing 
some sand and water. 

In the first operation, a section of the old store was vacated in 
the spring and wrecking operations started. Then while this work 
was going on within the existing basement, the foundations, con¬ 
sisting of concrete piers, were installed for the new building. They 
were founded on a hard clay stratum about 80 feet below curb, and 
were sunk by the Chicago well method, which has been described 
in Chapter III. The general plan was to underpin the existing 
vault walls to below the sub-basement level, 48 feet below the 
street, install the foundations during the demolition work and 
then, when this was completed, to erect the structural steel imme¬ 
diately by dropping the steel columns down the pier-holes. While 
the building was being built, the basements were excavated. This 









PLATE 139. ENLARGING SMALL CAISSON TO FULL SIZE, BANK OF MAN¬ 


HATTAN BUILDING, 40 WALL STREET, NEW YORK 

This work was done with steel sheeting during the erection of the building. Note 
that “timbering” is of steel so that it could be left in place in the concrete. The 
concrete was brought up to within a few inches of the underside of the steel 
billet shown at the top of the picture and when it had set it was dry-packed. 
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enabled the new 15-story store to be completed by the next Christ¬ 
mas season, less than nine months after the commencement of the 
work. 

The construction of the second part of the store was a much 
more extensive operation than the first. The modern office build¬ 
ing with heavy spread footings, occupying the site, was acquired in 
the fall of the year. Its basement was 16 feet deep, but the new 
building was to have four basements extending to a depth of 56 
feet below curb and the columns of the buildings were to rest on 
concrete piers extending down to the hardpan stratum 120 feet 
deep. Since the hardpan makes a fine foundation, and because of 
the presence of the water and gas, it was deemed unwise to go to 
rock. The rock can be reached only by the use of compressed air. 
The general plan was the same as for the first section, namely, to 
underpin the vault walls and sink the foundation piers by the 
Chicago well method during the demolition period, and then ex¬ 
cavate the space for the new basements during the erection of the 
new building. 

The vault walls were underpinned to below subgrade by means 
of horizontally sheeted pits, excavating by hand with air spades and 
carefully bracing the pits with vertical steel channels and screw 
jacks, great care being taken to avoid movement of the clay and 
any loss of ground. Meanwhile, the piers were sunk and concreted 
to the proper level below the basement floor to receive the new 
steel columns. The muck was shoveled by hand into truck-tractors 
which dumped into self-dumping buckets, discharging into bins at 
the street surface from which it was loaded into motor trucks. 

When the wrecking was completed and some of the old concrete 
floors removed, the erection of the structural steel was started by 
placing the steel columns down the open pits. The steel for the 
street-level floor was then placed and securely wedged to the sur¬ 
rounding reinforced concrete curb walls. The concrete floor was 
then cast, thus securely bracing the curb walls so the next basement 
below could be excavated. Then the structural steel and concrete 
for that floor were installed, allowing the excavation for the next 
lower basement to proceed, and so forth. 

The large volume of general excavation was dug by means of 
small electric shovels, loading into truck-tractors, dumped into 
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self-dumping buckets discharging at the street level into bins, 
thence into motor trucks. If space is available and there is enough 
excavation to warrant the expense, truck elevators, permitting 
direct loading into motor trucks by the shovels, are more desirable. 
Plate 140 shows the electric shovels loading into the truck-tractors 
and Plate 141 shows the demolition work and the muck bins load¬ 
ing motor trucks. 


By these methods, the expense of the usual cross-lot timber 
bracing was saved and much better results obtained by the use of 



PLATE 140. EXCAVATION WITH ELECTRIC SHOVELS BENEATH HUDSON 


DEPARTMENT STORE, DETROIT, MICHIGAN, DURING THE ERECTION OF 
THE BUILDING 

the permanent construction than by any other means. Clay is 
much more difficult to hold than sand and must not be allowed to 
squeeze or move. Highly efficient methods for deep foundation 
work have been developed for the special conditions prevailing in 
Detroit and in Chicago, where geological conditions are similar. 

PRETEST FOUNDATION METHOD 

In this method the foundations for the new structure are in¬ 
stalled while the new building itself is being built, namely, by 
underpinning the building during its erection. 6 This represents 

5 This method, known as the “Pretest foundation method,” has been patented by 
Lazarus White. 
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the most complete application of underpinning methods to founda¬ 
tion construction. In connection with subway and building work 
it is possible to underpin all sizes and kinds of buildings resting on 
all kinds of foundations and all kinds of ground. It was felt, there¬ 
fore, that if the conditions were controlled in advance it would be 
practicable to underpin a building being erected. A good example 
of this form of construction is the 18-story, reinforced concrete 


PLATE 141. DEMOLISHING OLD BUILDINGS, WHILE EXCAVATION FOR NEW 
HUDSON DEPARTMENT STORE, DETROIT, MICHIGAN, PROGRESSES BELOW 

Note the muck bin discharging into truck, and another truck loaded with caisson 
rings. 

Hide and Leather Building at Gold and Frankfort Streets, New 
York City. 

This building is located in the old swamp district and the site 
was underlaid by several feet of peat. Below this was some fine- 
gi ained sand about 10 feet thick and below that a firm hard stratum 
of sand and gravel. Under the conditions, it was feared that, if 
piles of any sort were driven, the vibration incident thereto would 
have a very bad effect on surrounding buildings. Time also was 
of very great importance and as a consequence this method was 
adopted. A portion of the plan is shown on Plate 142. 
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After the site was excavated some pits were sunk to give the 
necessary headroom under the future footings of the building and 
a few piles were pushed by hand through the peat. Reinforced 
concrete girders were then installed and the building started, the 
girders being supported on wooden blocks resting on the few piles 
originally placed. In the case of the perimeter, the walls were rein¬ 
forced with steel rods where necessary, in order to permit them to 
act as beams and properly to distribute the load to the piles which 
were to be installed. Niches were left in the walls above the base- 



PI.ATE 142. PARTIAL PLAN OF PRETEST FOUNDATION FOR 18-STORY BUILD¬ 
ING, NEW YORK 


ment floor level in order to give convenient working room for the 
installation and pretesting of the sectional steel piles. The space 
between the niches served as a preliminary support until the piles 
were installed and until some of them were tested. Plate 143 shows 
a typical view of such a wall. 

The piles were 19 inches in diameter. When the girders for the 
interior columns had been cast (they were made in long, narrow, 
continuous mats so as to get the benefit of tying the footings to¬ 
gether), after the first parts of the walls had been erected, the piles 
were jacked down to the hard stratum referred to and tested to a 
light load of 20 or 30 tons in order to insure a good preliminary 
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support. It is evident that if the wall weighs only about 30 tons, 
this same weight of 30 tons can be used over and over again for 
testing several different piles in succession. This test would thrust 
the piles through soft material to a material reasonably hard. But 
of course, by relieving adjacent piles of their load, this successive 
testing with only a light total load available would destroy or im¬ 
pair the capacity of the other piles by affecting their bulbs of pres- 


PLATE 143. INITIAL STAGE OF PRETEST FOUNDATION 

Reinforced foundation girder serves as cellar wall and supports exterior walls of 
building. As the building was erected, cylinders were loaded by the pretest sys¬ 
tem to take care of increasing load. 

sure. But these were only preliminary tests and, as the building 
became heavier with its increase in height, more piles were added 
and the test was increased to 80 tons, and finally the piles were all 
group-tested in the manner previously explained. The spaces be¬ 
neath the spread footings and the niches left in the walls were then 
concreted. 

As far as ascertained, there never was any movement in the build¬ 
ing, and about 21/£ months’ time was saved in this operation. This 
method has been used successfully in many other cases. 
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APPLICATION TO TIMBERING METHODS 

When cofferdams are built or earth banks braced and sheeted, 
very often the compression of the timber system or the movement 
of the footings of inclined braces causes a great deal of trouble and, 
in some cases, disaster. Pretesting the timbers and braces prevents 
trouble ensuing from such causes, both by actual testing of the 
materials as to their strength and by taking up all the compression 
in the timber system or footings which would occur from the pres¬ 
sure of the earth banks. 

In the case of cofferdam timbering, it is essential that movements 
of the sides should not cause distortion of the bracing. When dis¬ 
tortion takes place, collapse is possible. With pretested braces, such 
movement is very unlikely, because all that could occur is taken 
up by the jacks, and the timber system is composed of members 
actively pushing the sheeting outward, instead of permitting the 
earth to compress them by pushing in. The pretesting is easily 
done by fastening to the sides of a brace, timber scabs (say 6" x 
12") about 6 feet or 7 feet long, to serve as reactions for the jacks. 
These scabs should be bolted on about 2 feet from one end of the 
brace to give room for the jacks. Hydraulic jacks are then installed 
and, reacting against the waling timbers or foot blocking, the brace 
can be pretested to the desired load. The brace is then wedged up 
and the jacks are removed. In important work it is often wise to use 
wrought steel wedges between steel plates, although oak wedges are 
commonly used. 

When earth banks are sheeted and braced by inclined spur 
braces, very often not only is the sheeting permitted to move by 
compression of the braces, but also the foot blocking is sometimes 
thrust into the ground. Such a brace is easily pretested in a similar 
manner (see Plate 144). It has been the authors’ experience that 
very often a brace 30 or 40 feet long, together with its foot blocking 
and the ground under it, will compress as much as 8 inches, the 
brace compressing perhaps s / 4 of an inch and the foot blocking 
settling as much as 7 inches. 

In many cases it is possible to use a concrete slab or footing as a 
reaction instead of wooden foot blocking on earth. A sloping face 
may be cut into the concrete for the end of the brace to push 
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against, or a “kicker” beam, which is merely a short piece of 
H-beam may be embedded in the concrete (Plate 87, Fig. 1, A). 

A very important consideration in the pretesting of a timber sys¬ 
tem is the fact that generally much less timber is required than 
when the pretesting is omitted. This is because the braces are 
actively pushed out against the earth bank which is being sup¬ 
ported, and any movement in the earth is prevented. This avoids 
the fracture that often takes place in an earth bank (referred to in 
Chapter I), at a distance back equal to about half of its height, so 
that the braces do not get nearly as heavy loads as they otherwise 
might. The custom amongst excavators is to put in a great many 
inclined braces against an earth bank, if it be 30 or 40 feet high; 
whereas if they were pretested at least half of them could be 
omitted. Plate 145 shows the pretested spur braces against a wall 



PLATE 144. PRETESTING A SPUR 
BRACE 


5v* b/och/ng 


14 inches thick, holding back a bank 40 feet high. Note how few 
braces were used to support this high bank. This picture was taken 
at the site of the Fox Theater at Fulton and Nevins Streets, Brook¬ 
lyn, New York. The wall was installed in sections, in pits sunk by 
underpinning methods, while the lot was being excavated with 
steam shovels, berms being left against the perimeter. The wall, 
reinforced horizontally and vertically, was braced with pretested 
inclined shores, each tested to about 50 tons. The earth berm was 
then partly removed and a lower set of pretested shores placed in 
position and then the rest of the berm excavated. 

The work was much simplified by these methods of construction. 
The street pavement was undisturbed, the curbstones never even 
being removed. Furthermore, the usual construction methods 
would have required sheeting installed in two or three lifts, which 
would have necessitated going 4 to 6 feet into the street with the 
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consequent expense in connection with the maintenance and re¬ 
construction of the subsurface structures, repaving, extra excava¬ 
tion, and the removal and replacement of the curb. Fleets of shores 
would have held the sheeting in place and a hole for each one 
would have been left in the concrete wall. Then an entirely new 
set of braces would have been installed against the wall, the original 


PLATE 145. PRETESTED SPUR BRACES, FOX THEATER FOUNDATION, BROOK¬ 
LYN, NEW YORK 


Exterior curb wall braced by pretested inclined shores. Reinforced concrete wall, 
40 feet high, 14 inches thick, was installed by the interrupted pit method. Note 
the few shores used; also the cable ties used to prevent the upper shores from 
sliding up the wall. The original curb stones were not disturbed. No temporary, 
but only permanent, shores were placed. 


braces removed, the holes left for them in the wall concreted and 
the space behind the wall backfilled. All this expense and trouble 
was saved by the underpinning methods adopted. 

With the use of steel braces of wide flange H-beam cross section, 
pretesting becomes a very simple matter. All that is needed is two 
pairs of oak wedges made to fit between the flanges of the beam. 
These will develop sufficient friction to take up the reaction of two 
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40-ton hydraulic jacks. After the end of the shore is wedged up 
with steel wedges the jacks and wedges may be removed and used 
on the next shore (see Plate 147). 

Projecting steel lugs, made of plates or angles, may also be 
welded to steel braces; these provide a more positive reaction to 



PLATE 146. TYPICAL TIMBERING FOR STREET SUPPORT, NASSAU STREET SUB¬ 
WAY, NEW YORK 

the thrust of the hydraulic jacks, and very little welding needs to 
be done to take a reaction of 40 tons. 

Very often, in connection with excavations below water level, 
especially in cut-and-cover subway work, steel piles can be very 
useful in supporting the timbering system and thus preventing its 
settlement. This was the case during the construction of the Nas- 























































PLATE 147. PRETESTING BRACES ON THE SIXTH AVENUE SUBWAY, NEW 
YORK, BY JACKING AGAINST OAK WEDGES INSTALLED BETWEEN FLANGES 
OF H-BEAM 

A. Oak wedges. B: 40-ton hydraulic jack. C: H-beam brace. Note pretest cylinder 
to the left. 1 














PLATE 148. STEEL UNDERPINNING PILES TO SUPPORT SUBWAY TIMBERING, MAIDEN 
LANE AND NASSAU STREET, NEW YORK 
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sau Street subway where the work had to go 15 feet or so below the 
water level through the fine-grained Manhattan quicksand. The 
street decking system and cross bracing was installed above water 
level, as shown on Plate 146. Sectional steel piles were then jacked 
down to carry this system through the soft ground. This avoided 
the necessity of constant changing of posts, as the excavation pro¬ 
ceeded, and the accompanying settlement of the street and possible 
damage to the subsurface structures. Plate 148 shows the subway 
cut at Maiden Lane and Nassau Street, where steel piles were used 
in this manner. 

REINFORCEMENT OF STEEL STRUCTURES 

Very often it is necessary to strengthen a steel structure. Per¬ 
haps the floors of a building are to be more heavily loaded or the 
addition of more stories requires that existing columns be strength¬ 
ened. Perhaps reinforcement is required because corrosion has 
affected the steelwork of a bridge. In these cases the pretest prin¬ 
ciple is useful. It is obvious that if an existing column be rein¬ 
forced by riveting or welding plates or other steel shapes to it, the 
new steel would have no load at all, while the old steel would still 
be carrying its original load—perhaps 15,000 or 20,000 pounds per 
square inch or more. Moreover, it could not get any load without 
a further compression or shortening of the old column, which 
would have to be caused by a further and perhaps dangerous over¬ 
load on the old steel—then the new steel would begin to work. 
A simple way to solve the problem of equalizing the stresses in the 
new reinforcement and the old steel is by pretesting the new mem¬ 
bers, using as a pretest load the stresses desired. The flow of the 
stresses can easily be followed by means of strain gauges on the steel 
and pressure gauges on the hydraulic jacks. The desired pretest 
load should be maintained until the new steel is made fast to the 
old by welding or riveting. In 1931 a steel bridge in Bridgeport, 
Connecticut, was reinforced in this interesting manner under the 
supervision of H. C. Elton. 

An ingenious inventor, Arthur G. Leake, some time ago pat¬ 
ented a method of achieving similar results in a different manner. 
His method is based on the expansion and contraction of steel with 
artificially induced changes in temperature. In reinforcing a col- 
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umn or compression member, the extent to which the new steel 
must compress in order to carry its share of the load is computed. 
The new member is placed in position and cooled sufficiently to 
shorten it the proper amount, whereupon it is made fast to the old 
steel by the usual methods. When the steel warms up to atmos¬ 
pheric temperature, it increases in length and thus relieves the old 
steel of the necessary amount of load to equalize the stresses in the 
old and the new members. The process is reversed in the case of 
tension members. Then the elongation required to give the new 
member its share of the load is computed. It is then placed in posi¬ 
tion and is heated until it expands the computed amount, where¬ 
upon it is made fast to the old member. As it cools to atmospheric 
temperature, it shrinks the computed amount and thus acquires 
its load. Heating can be accomplished by winding insulated cop¬ 
per wires in coils around the steel members. Alternating current 
supplied to the wires will cause temperature rises due to electrical 
hysteresis. 6 

GRIDIRON RETAINING SYSTEM 

The gridiron retaining system is a method of supporting earth 
banks which is a direct outgrowth of inter-pile sheeting. An inter¬ 
esting fact is that it was developed simultaneously, but independ¬ 
ently, in New York and Berlin during the First World War, in 
both cases in connection with subway work. It is only in the last 
few years that it has been used extensively, particularly in New 
York. Essentially it consists of driving steel H- or I-beams vertically 
into the ground at short intervals around the perimeter of an exca¬ 
vation, and inserting horizontal pit boards or sheeting from beam 
to beam to hold the bank as the excavation proceeds. I-beams may 
be used, but the flanges are too narrow to be wholly satisfactory. 

Depending on the nature of the ground, the H-beams are driven 
5 to 10 feet apart horizontally, and deep enough below subgrade 
to give a good toe hold, perhaps 5 or 10 feet. Horizontal wales, 
either steel or wooden beams, and a tier of cross-lot bracing are 
installed near the top of the vertically driven beams and thoroughly 
wedged. Very often this cross bracing is pretested. The excavation 

6 The Cherokee Project. Tennessee Valley Authority Technical Report No. 7. (U. S. 
Government Printing Office, Washington, 1946), p. 201. 
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then proceeds, and the horizontal pit sheeting is installed as the 
earth bank is exposed. When desirable, these boards are installed 
with louvres for repacking any lost material. As the excavation be¬ 
comes deeper, additional tiers of cross-lot bracing are installed at 
lower depths as required. 

The method is useful where it is undesirable to excavate any 
earth outside of some desired line. The space usually required for 
the horizontal wales for instance, at least in a shallow excavation, 
can be saved by placing the wales outside the vertical steel beams at 
the top, each beam being fastened to the wale. In the ordinary 
vertical sheeting method, especially in the case of wood sheeting, 
the wales must be inside and, for clearance purposes, it is then nec¬ 
essary to sheet farther out. By using the gridiron system, the sheet¬ 
ing can be placed very close to line and usually can be used as the 
outside form for the concrete walls generally required for buildings 
and subways. It is common practice to drive the H-beam with the 
inside face 2 inches from the net line of the structure; under usual 
conditions and with careful workmanship, very few beams will 
come within the net line. Another advantage is that, in ground 
that can be drained, the system helps to prevent boils because, 
being porous, a head of water is not built up on the outside of the 
sheeting to cause trouble within the hole. 

Plate 149 shows this method of sheeting banks, using an outside 
steel wale at the top. In this case, the sheeting was placed against 
the inside flanges of the vertical beams. Vertical cleats, though not 
absolutely necessary, were nailed to the sheeting alongside the 
beams to hold the sheeting so that it could not move endwise. If 
flanges are 8 inches wide, the sheeting must be cut 4 inches shorter 
than the center-to-center distance of the beams, in order to slide 
into place, providing a 2-inch bearing. Clearly, it is essential to 
prevent endwise movement which would reduce this bearing. Very 
often the sheeting is placed against the outside flanges of the ver¬ 
tical steel beams, in which case the vertical beams could be incor¬ 
porated in a concrete wall. Furthermore, if any trouble is ex¬ 
pected in reaching subgrade with the horizontal sheeting, because 
of water, the placing of the sheeting on the outside gives a chance 
to drive vertical sheeting in between the flanges of the vertical 
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PLATE 149. GRIDIRON RETAINING SYSTEM, CENTRAL HANOVER BANK 
BUILDING, CHURCH AND FRANKLIN STREETS, NEW YORK 

The vertical H-beams are driven into the ground in advance and the horizontal 
sheeting placed as the earth bank is exposed. In this case the top tier of cross-lot 
bracing bears against an outside H-beam wale. 

beams, thus ensuring the installation of sheeting all the way to 
subgrade or below. In the operation shown, it was necessary to 
drive short vertical sheeting in one bay because of a change in the 
location of a pit. If it had been much longer it would have been 
necessary to resheet that particular bay. 

APPLICATION TO SUBSURFACE PIPE WORK 

The method of jacking sectional steel piles under buildings for 
underpinning purposes has been successfully used for jacking wa- 













260 


Applications to Other Work 


ter pipes or sewers underneath railroad crossings in a horizontal 
direction. 7 This obviates the necessity of supporting the tracks 
in any manner and also eliminates the labor and danger incidental 
to building a trench underneath them. 

In one case at Freeport, Long Island, a 36-inch pipe 14 inch thick 
was jacked underneath two tracks. It proved to be a simple opera¬ 
tion and had the advantage that, if any obstruction had been en¬ 
countered, such as a boulder, a man could have been sent in with 
a drill to cut it out. In another case an extra-heavy 12-inch bell- 
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PLATE 150. SOIL BEARING TEST WITH 
HYDRAULIC JACKING EQUIPMENT 


and-spigot pipe was jacked underneath the six tracks of the New 
York Central Railroad at ig2d Street and Bailey Avenue, Bronx 
Borough, New York City. The operation was entirely successful, 
the pipe going through true to line and grade. It was started 5 feet 
below the base of rail and was jacked on a down-grade a horizontal 
distance of 80 feet so that at the other end it was 5 feet 6 inches 
below the base of the rail. A cast-iron point was placed in the 12- 
inch pipe before jacking, and it was then jacked through beneath 
the tracks without excavating any material from within the pipe. 
The maximum pressure used was about 30 tons. The actual jack- 

7 For an extended treatment of this subject, see Concrete Pipe Lines (American 
Concrete Pipe Association, Chicago, Ill., 1942), Chapter IV. 
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ing took only about five shifts, and the preparations perhaps five 
more. 

APPLICATION TO SOIL TESTS 

When it is desired to make tests to ascertain the bearing capaci¬ 
ties of the soil for use in the design of new foundations, time and 
expense can very frequently be saved by using hydraulic jacking 
equipment. Reaction can frequently be had by the use of rakers 


PLATE 151. SOIL BEARING TEST IN 
BOTTOM OF PIT 

This has been used for many years. Its 
virtue is that a heavy reaction can be 
obtained through the diagonal members 
compressing the ground. 


adjoining building, or buildings 
alieady occupying the site, as shown on Plates 150 and 152. If the 
test is to be made in the bottom of a pit, a timbering system, as 
shown on Plate 151, is very useful. 

The load can be applied, released, and reapplied at will by the 
hydraulic apparatus and can be kept on for any desired length of 
time. A man can be left on duty to watch the apparatus and to 
pump occasionally, in case the hydraulic pressure shows signs of 
going down; or the test block may be wedged up by means of the 
pi etest process and kept on for several days. If this is done, in case 
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settlement takes place, the full load is of course relaxed in propor¬ 
tion to the settlement. Where any settlement has taken place, it 
is determined by the levels. Any relaxation in the load is dis¬ 
covered when the rams are jacked up again in order to release the 


PLATE 152. PILE LOAD TEST 

Using beam placed in corner of lot and reacting against niches cut in adjoining 
buildings. 


wedging. The results can be plotted, as shown on Plate 150, so 
that conclusions may be drawn. 


APPLICATION TO SHORING METHODS 


400 Park Avenue Building, 54th Street and Park Avenue, New 
York City .—This 12-story steel frame building has exterior walls of 
24" brick and limestone facing. An improved method of shoring, 
to permit support by working entirely within the limits of the 
walls, was developed to meet unusual requirements during altera¬ 
tions. 











Fig. 3. Extend 
chases and open¬ 
ings laterally suf¬ 
ficiently to permit 
placing of perma¬ 
nent beams. Dry 
pack to masonry 
over top beams as 
shown. 


Fig. 4. Remove 
masonry of center 
panel and of sides 
sufficiently to place 
permanent steel col- 
11 ms. Transfer load 
of wall to perma¬ 
nent steel. Remove 
temporary columns. 
Burn off flanges of 
temporary beams as 
shown. 



PLATE 153. METHODS OF SHORING A BUILDING WITHIN 
AVENUE, NEW YORK 


WALL LIMITS, 400 PARK 
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In order to provide five openings along Park Avenue and two 
openings on 54th Street to permit the installation of new show 
windows, shoring was required which would safely support the 
wall above 17-foot openings and at the same time would not en¬ 
croach on or disturb the railroad structures on either side of the 
wall. 

As the usual shoring methods for performing this work would 


PLATE 154. SHORING AND INSTALLATION OF PERMANENT LINTELS, 4OO 
PARK AVENUE, NEW YORK 

not satisfy the above requirements, the “Park Avenue Method” 
was designed. As shown on Plate 153, Fig. 1, 30-inch CB 180# by 
3-foot beams were installed, dry-packed, and blocked in openings 
cut to receive them. These sections were located in the plane of 
the wall to allow the new permanent lintels to be placed in proper 
position on either side of the web. Vertical chases were cut on the 
center line of 30-inch sections and temporary steel columns were 
installed and wedged in place (Plate 153. Fig. 2). Masonry was 
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then removed to permit the installation of permanent lintels as 
described above. These beams were blocked and wedged beneath 
the top flanges of the 30-inch CB sections and the top flanges were 
dry-packed against the masonry above (Plate 153, Fig. 3). The re¬ 
mainder of the wall was then broken out to a size permitting the 
installation of permanent steel columns beneath the lintel. The 
wall load was transferred to these columns by wedging. Tempo¬ 
rary columns were removed and bottom flanges of the “Park Ave¬ 
nue Beams” (30" CB 180}) were burned off flush with the under¬ 
side of the lintel (Plate 153, Fig. 4, and Plate 154). 

Because of the extremely high unit loading of the wall it was 
necessary to transfer the lintel load through columns to a distribut- 
ing medium below the opening. Normally sufficient bearing area 
is available to safely carry the lintel at each end, thus eliminating 
the need for new permanent columns. 








Vi Raising and Moving Structures 


The principles of preliminary support and transfer of heavy 
loads also apply to the problems encountered in raising and mov¬ 
ing structures. Chief examples of this type of work are the raising 
of bridges for extra clearance over waterways, highways, and rail¬ 
roads and the moving of valuable buildings to make room for the 
widening or construction of new thoroughfares or other projects. 

USE OF MODERN EQUIPMENT 

As has been the case with other types of construction, this work 
is being done less and less by the old-fashioned rough-and-ready, 
resourceful craftsman; he is being displaced by engineering con¬ 
tractors employing modem equipment and modern methods of 
engineering design. 

In many cases it pays to move rather than demolish buildings 
which have a long life of usefulness ahead of them. While the age- 
old use of small screw jacks, oak wedges, timber cribbing, greased 
wooden skids or wooden rollers will continue to prevail for years 
to come, when wood frame and small one- or two-story dwellings 
are to be moved, their employment on larger and heavier struc¬ 
tures may be very expensive and may lead to serious damage. As 
compared to steel, timber cribbing and supports are very compress¬ 
ible and may yield under heavy loads, causing large cracks in plas¬ 
ter and masonry; the expense of repairing these may have paid, 
many times over, the cost of using steel supports in the first place. 
Further damage may be caused by leaky pipes and weakened struc¬ 
tural connections and broken glass. 

It therefore behooves the engineer responsible for such an opera¬ 
tion carefully to compute loads on individual columns and to de¬ 
sign connections and members of proper strength and rigidity. 
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Calculations can be checked in the field by means of strain gauges 
and hydraulic jacks equipped with pressure gauges. The hydraulic 
screw jacks (Plate 56) actuated by power-driven pumps and ac¬ 
cumulators will lessen handwork and shorten the critical times 
when the structure is on temporary supports. Instead of block- 
and-tackle rigging, the building may be shoved along horizontally 
by hydraulic jacks laid on their sides in the manner of tunnel 
shields. The advantage of this is the elimination of unwieldy 
chains or the slack and stretching of manila or wire rope cables, 
which may cause jerky starts. With well-laid track on a firm foun¬ 
dation, and using steel rollers, experience shows that, at the most, 
1 V2 P er cent or 2 P er cent of total vertical load will be sufficient to 
start the structure moving and perhaps two-thirds of this force to 
keep it rolling. Another advantage of hydraulic jacks is that the 
use of a single master valve concentrates the control in one spot; 
thus a long line of jacks may be made to stop shoving simultane¬ 
ously. This is not possible with a multiplicity of hoists, which are 
required when a large building is moved. 

For the raising of structures, the use of hydraulic screw jacks is 
a great help, for as the load is raised the collars of the jacks can be 
turned down tightly against the ram, safeguarding the structure 
against any sudden failure of the hydraulic system and eliminating 
much handwork in the placing of shims and blocking. A profu¬ 
sion of carpenter rulers as bench marks is helpful also in raising 
all parts of a structure uniformly; they can often be set up so that 
one engineer sighting through a level can see them from one set¬ 
up and closely coordinate all movements. This control is impor¬ 
tant, because in a system where all hydraulic jacks are of the same 
size and operate under the same pressure the more lightly loaded 
jacks will tend to move upward faster than the others and thereby 
damage may be caused. The use of individual valves for each jack 
or group of jacks at a given location can be used to control this 
tendency. 

EXAMPLES OF MOVING AND RAISING STRUCTURES 

It can be seen that a structure of any magnitude cannot be 
moved without supplying a supporting system that will move the 
structure as a unit. Certain types of structures lend themselves to 
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this work more readily than others. Skeleton steel and reinforced 
concrete buildings can withstand tensile stresses far more readily 
than plain masonry buildings and can be shored more econom¬ 
ically. 

Aside from the preliminary shoring, the supporting system for 
an operation of this type consists of: (1) runners; (2) tracks; (3) 
temporary foundations. The runner system serves to tie the struc¬ 
ture together and performs the important task of maintaining ex¬ 
isting footings or supports in their proper relation. The runners 
move with the structure and bear on a moving medium, such as 
rollers, balls, or the greased surface of the tracks. Runners are usu¬ 
ally structural shapes, timber, or a combination of both. The track 
provides a continuous surface over which the runners move. 
Tracks are usually steel H-sections or rails and are installed parallel 
to and directly beneath the center line of the runners. When ro¬ 
tation of the structure is required the tracks are often placed at 
varying angles to the runners. When the structure is to be moved 
diagonally, a double set of runners is sometimes used, the bottom 
set installed in the direction of the move and parallel to the tracks. 
Before installing the track, subsurface conditions throughout the 
path of the move should be investigated and the proper footings 
installed to carry the moving load safely. 

Prior to undertaking the physical work, a thorough analysis of 
existing and expected loads should be made, and the supporting 
system designed accordingly. During the raising of the structure, 
these loads should be checked against the actual and compensating 
adjustments made to insure proper behavior of the structure dur¬ 
ing the moving. 

Willard Parker Hospital, 15th Street and East River Drive, New 
York .—Many refinements to the above principles and mechanical 
details of performing this type of work resulted from the experi¬ 
ence gained while moving Pavilion No. 3 of the Willard Parker 
Hospital in 1941. 1 This 5'Story building was transported approxi¬ 
mately 60 feet on rollers to give clearance for the new East River 
Drive. 

Willard Parker Hospital, at 15th Street and East River Drive, 
was the largest hospital in New York City handling only conta- 

1 Charles B. Spencer, Civil Engineering, November, 1941, p. 659. 
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gious diseases. Its facilities were overtaxed, so that when it was 
found that Pavilion No. 3 interfered with the prpposed East River 
Drive, the Department of Public Works was confronted with a real 
problem. Funds for demolition and reconstruction in a new loca¬ 
tion were not available. Furthermore, the loss of time involved 



PLATE 155. READY TO MOVE, WILLARD PARKER HOSPITAL, NEW YORK 

Track beams lined up to guide runner beams and steel rollers as building moves 
ahead. 


would have been serious to the hospital and it was decided to move 
the building. 

The building had a total weight of 2,350 tons. It was a steel 
frame with brick walls, and floor dimension of 80' x 30', with a 
26-foot elevator extension six stories in height (Plate 155). 

Column loads were carried through 15-inch I 60.8# transverse 
needle beams welded to either side of the columns. Each set of 
needle beams was tested by means of hydraulic jacks placed on 
the existing foundations. An overload of at least 50 per cent was 
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applied, and in no case was there noted any impairment of the weld 
or visible deflection of the beams. 

The needle beams were carried by runner beams, which rested 
on steel rollers of 2-inch diameter shafting capable of sustaining 
seven tons each. Rollers were distributed at each column in accord¬ 
ance with the existing load, and had a length of travel of approxi- 



PLATE 156. METHOD OF CARRYING COLUMNS TO ROLLERS, WILLARD PARKER 


HOSPITAL, NEW YORK 

A. Runner beams. B: Rollers. C: Track beams. D: Needle beams welded to column. 
E: Sole plate on bottom of runner beam to permit removal of rollers. 

mately 6 feet (the length of the l^-inch liner plates welded to the 
underside of the runner beams). The rollers moved on track 
beams as described above (see Plate 156). 

To test the behavior of the setup, a typical “column” was built. 
Caisson weights totaling 74 tons (the computed load of the average 
column) were piled on traverse beams resting on runner beams 
and track, and moved several feet by hydraulic jacks on the rollers 
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to be used in the moving (Plate 157). It was anticipated that in the 
actual moving, the runner beams might in some cases not be cen¬ 
tered directly over the track. So as to make the test under worst 
conditions, the webs of the runner beams were set eccentric to 
those of the track beams by 1 i/c> inches. The test setup worked per¬ 
fectly, and by means of hydraulic gauges the moving forces were 



PLATE 157* TEST MOVE OF TYPICAL COLUMN LOAD IN CONTRACTOR’S CON¬ 


STRUCTION YARD, USING HYDRAULIC PUMP, RAM, AND REACTION CLAMP 

known at all times. It was found that for starting, a horizontal 
force of 3,000 pounds was required, but once in motion the system 
could be kept moving by a force of approximately 2,000 pounds. 
No tipping or other adverse tendencies were noted as a result of 
the eccentricity of the beam. 

The first step in the new preparations for moving the building 
was the excavation to cellar grade between the new location and 
the old, since the plan called for the location of the track at the 
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lowest practicable grade. The material at subgrade was found, as 
anticipated, to be a miscellaneous fill of negligible supporting 
power. It was necessary to drive wood piles in two rows at each 
track location. These piles penetrated about 40 feet and were 
capped with concrete made from high early-strength cement. 
When in place, the track beams rested in firm foundations through¬ 
out (Plate 158). 

Specifications provided that the building in its new location was 
to be set at an elevation approximately \zi/ z inches higher than 
on its original site. It was decided to do this raising, together with 
an additional one inch for clearance, before moving. The raising 
was accomplished by means of 52 hydraulic jacks, two at each col¬ 
umn. The jacks, which were set directly over the column billets 



PLATE 158. SCHEMATIC ELEVATION SHOWING METHOD OF MOVING BUILD¬ 
ING BY ROLLERS FROM OLD FOUNDATION (RIGHT) TO NEW FOUNDATION 

(left) 

(previously loosened from their anchor bolts), reacted against the 
needle beams. All jacks were operated from a central hydraulic 
pump and pneumatic hydraulic accumulator but a valve was pro¬ 
vided at each column. The capacity of the accumulator was suffi¬ 
cient to extend all the rams about s / 4 inches. The unit rise was 
just in excess of s / 8 inches, and after each rise a plate 5/ 8 inches 
thick was set below the column. At a given signal valves were 
opened simultaneously at all columns and closed when 5/ 8 inches 
rise had been accomplished (Plate 159); although the individual 
rises required only a few seconds, the entire lifting operation took 
six hours. The behavior of the structure was continually checked 
by level readings taken with two instruments from whose locations 
all the columns were visible. 

Approximately two days were required to install the runner 
beams, raise the building, and place the building on the rollers. 








































PLATE 159 . SETUP FOR RAISING BUILDING WITH HYDRAULIC SCREW JACKS, 
WILLARD PARKER HOSPITAL, NEW YORK 

A: Building column. B: Needle beams. C: Jacking dice. D: Hydraulic screw jack. 
E: 54-inch plates. 

Note 54-inch plates under column. Each plate was inserted after each 34-inch raise. 
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For the full length of each track, a series of lines 4 inches apart had 
been drawn on the top flange at right angles to the direction of 
moving to guide the men in setting the rollers. 

Moving was commenced at 2:00 p.m. on one day, and the build¬ 
ing arrived at its destination eight working hours later. 

Power for moving was provided by six hydraulic jacks, one at 
each line of columns. These jacks were set horizontally, tack 
welded to the easterly end of the running beams, and traveled with 
the building. They reacted against clamps attached to the track 
beams, and moved the building 10 inches at a time and they were 
actuated by the central pump and accumulator, and controlled by 
a master valve and a valve at each jack (Plate 160). At the comple¬ 
tion of each move, which required about 30 seconds, the jack was 
retracted and a dice consisting of a short H-beam section was set 
in place and the process was repeated until the move had totaled 6 
feet, when the clamp on the track was moved forward. The aver¬ 
age progress was 7 feet per hour. The moving force required 
checked almost exactly with the test, showing a rolling coefficient 
of 1 to 50. At its final location, the building was transferred to its 
new permanent foundation by wedging the billets up against the 
column bases and dry-packing in place. The needle beams were 
slowly cut, permitting the building to settle slightly and bear on 
the foundations. Tracks, runner beams and rollers were then re¬ 
moved. 

The following are a few of the details which aided in the success¬ 
ful prosecution of the work: (1) a yellow line on one of the tracks 
at each end of the building marked the center of the beam longi¬ 
tudinally. Welded to the runner beam was a steel pointer which 
traveled a fraction of an inch above the line. As the building 
moved, this pointer was always on this line and two transits sighted 
on north and south column lines; (2) the jacks were all equipped 
with a retracting device; (3) a system of bells was used for signaling; 
(4) the pneumatic hydraulic accumulator was equipped with an 
automatic “booster” which kept the air at a uniform 120 p.s.i., 
thus keeping the water side at a uniform 4,320 p.s.i.; (5) the hy¬ 
draulic jacks had threaded plungers and safety collars; (6) the 
moves were accomplished with smoothness and uniformity by the 
use of hydraulic power; (7) 2-inch diameter cold-rolled shafting 
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provided positive support with a minimum of frictional resistance. 

As a result of the operation described, the writers feel that the 
method could be used with equal success in moving a twenty-story 
building and raising and lowering it to any extent desired. 

750-Ton Boiler, Brooklyn Navy Yard, Brooklyn, New York .— 
The importance of determining and maintaining normal loads on 


WITH HYDRAULIC JACKS, WILLARD 


PLATE l60. MOVING THE 

PARKER HOSPITAL, NEW YORK 
A: Control valve. B: Hydraulic jacks. C: H-beam jacking device. 


the structural support during a moving operation was shown in the 
course of moving a 750-ton high-pressure boiler at the Brooklyn 
Navy Yard in 1942 (Plate 161). 2 

In its original position, the 25' x 34' x 53' boiler rested on a 
30-inch concrete mat supported by wood piles. About 600 tons 
were carried by ten steel columns arranged in two rows of five 
each, running parallel to the length of the boiler. About 250 tons 


* George F. Flay, Jr., Power, February, 1944, p. 105. 










PLATE l 6 l. MOVING A 75 O-TON BOILER 


The boiler was moved 78 feet diagonally and raised 11 feet without cracking a brick 
or breaking a water tube. 
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were carried on four steel columns supported by concrete and 
masonry walls and pipe columns that rested directly on the mat. 

The general plan for moving the boiler substantially intact was 
to (1) distribute the load of the boiler so that six-column concen¬ 
trations carried the load originally carried by 14 supports; (2) lay 
heavy rail as track for horizontal moving; (3) place runner beams 
on the rail; (4) place distributing beams parallel to the boiler 
columns and weld supporting members over these to each of the 
six working columns; (5) raise the boiler more than 2 inches, so 
that 2-inch shafting could be inserted as rollers between track and 
runners; (6) push the boiler to the new location by means of hy¬ 
draulic jacks; (7) splice column extensions and raise the boiler 
approximately eleven feet; (8) transfer the load to new permanent 
foundations. 

Loads were transferred from eight columns to the six main col¬ 
umns by suitable structural framing. In addition, cross bracing 
of 6" x 4" x ‘i/%’ angles were welded diagonally across the exterior 
flanges of the main columns which served to stiffen the boiler fram¬ 
ing. 

Horizontal movement of 78 feet 1 inch was required, but at an 
angle of 45 degrees to the principal axis of the boiler. Track con¬ 
sisting of nine double lines of 100-pound AREA rail (Plate 162) 
were grouted in place in the direction of the move. The track was 
set to %2 °f an inch of a theoretical level. This accuracy contrib¬ 
uted greatly to the ease of moving. Runner beams were installed 
on, and parallel to, the track, and carried distributing beams 
(framed parallel to the columns) which in turn took the boiler 
load from the needles (Plate 163). Rollers were installed between 
tbe track and liner plates by raising the runners and boilers uni¬ 
formly to the required clearance; this raise provided an accurate 
check on the computed column loads, the actual load on each col¬ 
umn being determined by use of the extensometer (Plate 164). 
These measurements made it possible to determine what transfer 
(or borrowing) of load would result from the variation in track 
elevation as the boiler was moved (this also was a measure of the 
rigidity of the structure). 

The moving operation was performed similarly to that described 
for Pavilion No. 3 of the Willard Parker Hotel. During this opera- 







PLATE 162. FRONT OF BOILER 

Pits in foreground are to accommodate 11-foot extensions to the boiler legs. Accu¬ 
rate alignment and leveling of track and equitable distribution of load kept resistance 
to movement to only ii / 2 per cent of the weight. 
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tion the boiler moved off the theoretical line of travel several times. 
Correction was not made until a variation of i / 2 inch or more was 
noted and then was gradually rectified by skewing rollers either at 
the front or the rear of the boiler, depending upon the end out of 
position. 

The moving consumed fourteen hours. Two hydraulic pumps 



PLATE 163. TEMPORARY FRAME 
BUILT UNDER BOILER FOR TRANS¬ 
FER 

Tracks parallel the distributing beams, 
located thus to give greatest stability 
with the least framing. 


actuated the jacks used for moving, and the uniformity of jacking 
pressure indicated a practically uniform coefficient of rolling fric¬ 
tion throughout. The coefficient was found to be slightly in excess 
of 1 1/2 P er cent °f the weight of the boiler, comparing favorably with 
the 2 per cent coefficient encountered in moving Pavilion No. 3. 

To eliminate high cribbing and to assure a safer raising opera¬ 
tion, reinforced concrete jacking pits were installed at the new 
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column locations in advance of the moving. A 3-foot concrete cap 
over the new piles was used as a jacking reaction and for blocking 
against the column extensions as the boiler was raised 10 feet 11 
inches. The boiler was jacked off the rollers and runner beams, 
which were then removed, and two pairs of needle beams were 
welded on each column extension. The column extensions were 
stiffened by structural members and knee braces. To each of the 
four corner column extensions, a 10-inch I-beam was welded ver¬ 
tically with its web parallel to the column flange. From the billet 
plate on the bottom of the column extension, a steel guide was 

sM&rk on co/umn 



PLATE 164. EXTENSOMETER USED TO CHECK COLUMN LOADS WHILE RAIS¬ 
ING 75O-TON BOILER, BROOKLYN NAVY YARD 

The normal load in the column is computed from extensometer readings at “Y,” be¬ 
fore lifting and after the column has been raised 1/16 in. thus removing the load. 
Differences at “X” show load “borrowed” from surrounding supports when lifting 
1/16 in. 

placed so that it would rise with the boiler and run in the channel 
formed by the web and flanges of the 10-inch I-beam with 14 -inch 
clearance on three sides. This served as a gauge to determine wan¬ 
dering of the structure during raising. 

Four jacks were arranged concentrically about each of the six 
boiler columns, a pair of jacks lifting against an H-beam bearing 
beneath the needle beams. The jacks for raising were activated by 
12 hydraulic hand pumps. T he group of four jacks about a column 
were connected by hydraulic copper tubing to two interconnected 
hand pumps, making it possible to adjust each column individu¬ 
ally. One unusual occurrence was observed during the raising. A 
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harmonic vibration took place when the boiler was within 19 
inches of its final elevation. The 12-inch 53-pound columns of the 
boiler were stiffened by cross bracing and knee braces to offset the 
shock of the hydraulic pumps working in approximate cadence, 
and the time between strokes of the hand pumps was lengthened, 
decreasing the rate of rise 50 percent. Raising was then completed 
without further incident. 


PLATE 165. GENERAL VIEW OF THE MONASTERY READY TO BE MOVED 

Note the 20-inch I-beams supporting the heavy masonry walls of the building. The 
13 track beams and slabs are shown in the foreground extending 261 feet 6 inches 
to the new foundation walls. Timber cribbing supports the track beam at the new 
foundation. 

After the raising operation was completed there remained only 
the work of temporarily shoring the boiler to permit the setting of 
forms, pouring concrete for the column pedestals and then setting 
of billets and the four column extensions, after which the boiler 
was landed. Final check by level and extensometer was made to 
insure that columns were carrying their proportionate loads, and 
temporary steel was removed. 
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Moving the Monastery of the Oblate Fathers, Three Rivers, 
Quebec, Canada .—This four-story structure weighing 3,000 tons 
was moved to provide the most suitable site for a new church. A 
rather novel method was successfully employed for the moving. 
Because of the annoying and potentially dangerous tendency of 
cylindrical rollers constantly to get out of alignment during a mov¬ 
ing operation, steel balls, which can be guided freely in any direc¬ 
tion, were substituted for the rollers. On 300,000 steel balls 5/16 
of an inch in diameter, the 47-year-old building was moved diago¬ 
nally on 13 tracks for a distance of 261 feet 6 inches, at an average 
speed of 13 feet per hour. The monastery (Plate 165) is 65 feet 
high, 94 feet 9 inches long, and 74 feet 2 inches wide. Its exterior 
walls are of stone masonry 30 inches thick. Its wooden floors are 
supported by ten steel columns and beams which carry part of the 
load to the heavy masonry walls, producing an average concentra¬ 
tion of 12,000 pounds per linear foot around the perimeter of the 
building. 

In the preparation for moving, the entire building had to be 
carried on a framework of steel beams. The outside walls were 
supported by two 20-inch, 65-pound I-beams grouted to the inner 
and outei faces of the walls and clamped together with two l-inch 
bolts, 4 feet on centers, around the entire perimeter of the build- 
ing (Plate 165). These clamping” beams were in turn supported 
by 10" wide flanged 49-pound runner beams which rolled on balls 
over track beams of the same size. Outside the building, each 
track beam was bolted to a reinforced concrete slab foundation 3 
feet 6 inches wide by 8 inches deep, placed 8 feet 6 inches on cen¬ 
ters on a well-tamped sandy soil. The average load on the slabs 
was 6 tons per linear foot, which produced a soil loading of approx¬ 
imately 1,500 pounds per square foot and a settlement of about 
Vs of an inch as the building moved over them. The track beams 
on the inside of the building and the new foundations were sup¬ 
ported on i2 // x 12" timber cribbing, 2 feet 8 inches on center, as 
shown in the foreground of Plate 165. The four layers of tim¬ 
ber squeezed together about l / 8 of an inch as the building passed 
over them, thus producing, together with the soil deflection un¬ 
der the slabs, a total settlement of y of an inch, which caused no 
apparent cracks in the heavy masonry walls. 
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Steel balls, of the grade used in inexpensive bearings, were in¬ 
stalled between the runner beams and track beams before the ex¬ 
terior walls were severed from their old foundations. The runner 
beam was raised ^4 °£ an inch above the track beam to allow the 
balls to be rolled in between the flanges. The balls were measured 
in a cup and placed 300 to the linear foot, as shown on Plate 166, 
Fig. 1. After the balls were in place, the runner beam was lowered 
to the top of the track. A 3/16" x 7" sole plate had been previously 
tack-welded to the under side of the runner beam at each load 
concentration. Two 3/16" x 1" guide strips were tack-welded to 
each side of the sole plate providing a 5" x 3/16" channel to hold 
the balls in place as the runner beams moved over the track. The 
runner beam was prevented from moving off the track by 4-inch 
angle guides welded to the bottom flange of the runner beam and 
extending down below the top flange of the track beam, as shown 
on Plate 166, Fig. 2. 

After the balls were in place and the runner beams wedged up 
to the supporting framework, the exterior walls and interior col¬ 
umns were cut away from their old foundations. About \/ A of an 
inch settlement occurred as the load of the structure was trans¬ 
mitted to the track beams. The resultant load concentration on 
the balls averaged 30 pounds per ball. During the moving of the 
building small differential settlements in the track beam slabs 
and small differences in track elevations produced an increased 
load concentration under some of the exterior walls, causing the 
balls to cut grooves 1/32 to 1/16 of an inch deep in the sole plate. 
In some cases the balls moved easier in the channeled grooves. 

It took three months to prepare the monastery for moving and 
three days to move it to its new foundations. Eleven hydraulic 
jacks installed behind the runner beams provided the power for 
moving the building ahead 5 feet at a time. Plate 167 shows the 
hydraulic equipment used and how the 30-ton hydraulic jacks 
were placed behind the runner beams. The thirteen runner beams 
were braced inside the building with 6" x 6" angles to provide a 
rigid framework against which the jacks exerted their thrust. Hy¬ 
draulic pressure to the rams of the jacks was supplied by a Wat- 
son-Stillman hydraulic pump having a capacity of 9 gallons per 
minute at 5,000 pounds per square inch pressure. The pump was 











Fig. 1. Note the cup to measure out 300 balls per linear foot. The balls were rolled 
between (A) the track beam and (B) the runner beam by spilling them on the 
plywood template (C), which is raised up to make the balls roll in from the side. 
Note the guide strip and sole plate (D). 


Fig. 3. Note the “fishtail” or 5/16" x 1" metal strip attached to the rear of the 
runner which automatically pushes the balls into the tray as the runner beam 
moves ahead. Note the arrested motion of the four balls about to plop into the 
tray. The balls are collected from the tray and used again. 








Fig. 2. Note the guide template (A) placed on the track beam (B) to hold 1,500 
balls (C) in place for the next 5-foot move. The runner beam (D) pushes the 
guide ahead as the runner beam rolls over the balls. Note (E) the 4-inch pipe 
spreaders which were installed to reinforce the runner beams. Note the angle 
guides (F) to keep the runner beam in line with the track. 


PLATE lG6. METHOD OF HANDLING THE % G " STEEL BALL5J 
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powered by a 40-horsepower electric motor mounted on a steel 
carriage, which moved with the building. However, only 2,200 
pounds per square inch pressure was needed to move the build¬ 
ing. This produced a thrust of 13.8 tons on each of the nine 4- 
inch diameter jacks and 10.3 tons on the two 3-inch diameter jacks. 
The total jacking force to move the building on balls amounted 
to 144 tons or about 414 percent of the total weight of the build¬ 
ing. This is about double the amount of friction encountered with 
2-inch steel rollers but is of no very great moment since with the 
employment of hydraulic equipment a great excess of jacking 
force is usually available. The use of larger diameter steel balls, at 
slightly greater expense, would no doubt result in less friction. 

During the moving, the speed of the thrust of the hydraulic 
jacks was cut down from 14 inches a minute to 7 inches a minute 
to avoid excessive vibration which might cause cracks in the walls 
of the building. The entire displacement of 261 feet 6 inches took 
place successfully in 20 hours over a period of three days. The 
walls and columns of the building were transferred to the new 
foundations by means of 10-inch wedging beams encased in con¬ 
crete. This operation, together with the removal of the steel 
framework used in moving the building, was completed in two 
weeks. 

Some interesting features of the operation deserve specific men¬ 
tion. The hydraulic jacks were manufactured for a 5-foot stroke 
instead of the usual 10 inches, thus saving many moves. The 
jacks were attached to the runner beams and moved with the 
building. The rams reacted against special heel blocks which 
wedged themselves tightly against the flange of the track beam to 
provide the necessary reaction for the thrust. At the end of each 
5-foot stroke the hydraulic valves were opened to release the pres¬ 
sure and two 300-pound springs mounted on each side of the 
jacks pulled back the rams and heel blocks simultaneously, mak¬ 
ing the retraction of the jacks automatic. This is shown on Plate 
167, Fig. 1. Before each 5-foot move took place, balls were placed 
in front of the runner beam by a “fishtail,” shown on Plate 166, 
Fig. 3, which pushed them automatically into a tray where they 
were collected by a workman and used again at the front end of 
the runner beam. 











Fig. 2. Airplane view of the monastery being moved to the new foundation. Note 
the Sisters’ wing near the old foundation. This building was cut off from the mon¬ 
astery and was moved one week later. Also note the 13 lines of track beam extend¬ 
ing from the old foundations to the new, on a 27 0 27' angle. 

PLATE 167. MOVING THE MONASTERY 


Fig. 1. Note (A) 4-inch diameter hydraulic jack; (B) reaction heel blocks which 
take the thrust of the 5-foot ram (C). When the pressure is released, the retrac¬ 
tor springs (D) pull back the ram and heel block simultaneously. The Watson Still¬ 
man hydraulic pump (E) furnishes hydraulic pressure for the jacks at 5,000 pounds 
per square inch. Note u//' hydraulic line (F) and hydraulic gauge (G). 
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To prevent any buckling or crippling of the 10-inch track and 
runner beams from heavily concentrated loads or loads eccentrically 
applied, stiffeners of 4-inch pipe were used. These pipes were not 
welded, but were merely driven to a tight fit between the flange 
by means of shims and hand hammers. As the building moved 
ahead the pipe stiffeners were knocked out from the track beams 
behind it and then put in place in the track ahead of it. A few men 
took care of this, and the expense of considerable material and 
labor was saved over the use of conventional welded plate stiff¬ 
eners. 

The entire moving operation was directed through a loud¬ 
speaker hook-up from a central control section; a system of signal 
lights, wired to push buttons at each load concentration on the 
runner beam, was used to indicate at once any appearance of 
trouble. A total force of 55 men, averaging 4 men to a track, was 
used to move the building. 

Speed and economy in moving the monastery was made possible 
by the use of balls instead of the conventional steel rollers. The 
balls cost somewhat less than rollers, but the added provision of 
sole plates and guide strips made the material costs of the two 
methods about the same. If rollers had been used, approximately 
500 would have been needed and considerable time and skilled 
manpower would have been necessary to align the rollers properly 
and keep the runner beams safely on the track. An example of 
speed of moving was the moving of the Sisters’ wing, a two-story 
reinforced concrete structure, 72 feet 6 inches long and 35 feet 5 
inches wide, which was rolled on balls over the same track a dis¬ 
tance of 261 feet 6 inches in ten hours. A full view of the building 
before it was moved is shown in an airplane view on Plate 167, 
Fig. 2. 










VII. An Introduction to the 
Science of Foundations 

GENERAL THEORY OF FOUNDATIONS 

"The authors have underpinned many structures having founda¬ 
tion difficulties, even though the structures had been designed in 
accordance with existing theories. Although the science of soil 
mechanics is still in its youth, many troubles may be avoided by 
keeping abreast of current knowledge. This discussion is offered 
to call attention to theories recently developed, in the hope of il¬ 
luminating an obscure field. 

To advance in the science of foundations, we need to clear away 
some of the following theories responsible for some of the mishaps 
of the past: 

1) That pressures beneath footings are uniform when the foot¬ 
ings are concentrically loaded; 

2) That the capacities of footings are in direct proportion to 
their areas; 

3) That the capacities of pile footings are in direct proportion 
to the number of piles; 

4) That the bearing value of each pile may be correctly deter¬ 
mined from a formula (such as the “Engineering News Formula”), 
based upon the work performed in driving the piles; 

5) That friction can be relied upon to support piles, even 
though compressible deposits extend far below the points of the 
piles. 

Because of weak strata, undisclosed by inadequate borings, many 
foundation failures have occurred. It would seem elementary to 
state that each horizontal stratum has to support the total load 
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above it, including the overlying strata and the structures erected 
thereon. Yet the contrary assumption is made when friction is 
relied upon to support foundation units (usually piles) without 
taking into account the bearing value of weak layers below. 

At this point it is well to examine the action of structures upon 





Year 

PLATE l68. CURVES OF SETTLEMENT OF VARIOUS COLUMNS, NATIONAL 
THEATER, MEXICO CITY 


The curves show a diminishing rate of settlement. The building has a concrete mat 
foundation. The great settlements are due to overloading of the soil, which consists 
of very fine, saturated, volcanic silt more than 600 feet deep, an old lake bottom. 

yielding foundations. In general they settle rapidly at first, then 
more slowly. The settlement plotted against time forms a parabolic 
curve, such as the curve of settlement for the Opera House in 
Mexico City shown in Plate 168. Again, structures of large area 
do not settle uniformly, but assume a dish or crater shape. Courses 
of masonry, level when laid, approximate after extensive settle- 
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ment a parabolic or catenary curve. This is clearly shown on the 
School of Mines Building in Mexico City, which is illustrated in 
Plate 169. 

Experiments reveal that every footing on yielding soil is sup- 



PLATE 169. SETTLEMENT OF 
SCHOOL OF MINES, MEXICO 
CITY 

Built nearly 300 years ago. Heavy 
masonry structure, uniformly 
loaded, showing parabolic settle¬ 
ment. Middle ordinate of curve 
about 4 feet. 


ported by a “bulb of pressure” formed by the interlocking and 
compacting of the grains of the bearing material, and that this 
bulb remains intact so long as the load on the footing is main¬ 
tained, but partially dissipates when the load is released. This ap¬ 
plies equally to spread footings and to piles. 

Laboratory tests disclose that the pressures under every footing 
on yielding soil have a parabolic distribution, being maximum a° 
the center and least (approaching zero) at the edges. Further tests 
have determined the distribution at greater depths, the first tests 
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being made in 1916 at the Pennsylvania State College and at the 
University of Illinois. From the data obtained in these experi¬ 
ments, Greathead drew the first pressure distribution diagram. 
Since it took the form of a bulb, the name “bulb of pressure” was 
applied to it and to the physical mass of compacted soil beneath 
the footing. The best American determination of this bulb is that 



PLATE 170. BULB OF PRESSURE, ADAPTED FROM ENGER 

The distribution of pressures through soil beneath a footing is shown, as determined 
experimentally. 

of Enger, shown in Plate 170. An interesting bulb developed in 
Germany by Scheidig, partly from experiment and partly by the¬ 
ory, is shown on Plate 171. Examinations of both of these bulbs 
will reveal many interesting phenomena, such as the spreading of 
the load, the great variation in unit pressures within a short range, 
the low pressures near the edge of the footings, and the fact that the 
highly compressed volume extends to a depth of about 11/£ times 
the width of the footing. 
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It should be noted that the bulbs are true only for the areas and 
the materials tested. Further experiment may show that larger 
areas exhibit a different arrangement of the pressure lines, as may 
also different materials — and therein lie the difficulties. As yet a 
sufficiently large series of tests has not been made to establish the 
relation between large and small areas, though it is known that the 
relationship is not constant. The best series of tests along these 



PLATE 171. BULB OF PRESSURE BY KOGLER AND SCHEIDIG. PARTLY EX¬ 
PERIMENTAL AND PARTLY THEORETICAL (COMPARE WITH PLATE 170) 

See Die Bautechnik, 1927: “Results of Recent Experiments," by Professor Ing. F. 
Kogler, Freiberg, and Dr. Ing. Scheidig, Langenhessen. 

lines were made by Goldbeck and indicate great intensities of unit 
pressures beneath the centers of larger footings. Plate 172 shows 
some of these experiments. The pressure bulbs shown and the 
Goldbeck tests were made with small rigid footings and yet they 
show great variations of unit pressures. For large footings, which 
are necessarily flexible, greater variations occur. The springing or 
deflection of such footings allows great variations of soil pressure 
at points remote from the columns or walls applying the load to 
the footings. This is clearly shown in the experiment conducted 
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by Kogler and Scheidig in Germany, illustrated in Plate 173. Simi¬ 
lar results were observed and recorded in this country by Professor 
Enger for the Committee on Stresses and Strains in Tracks. One 
of his experiments is shown in Plate 174. 

To aid in the understanding of the pressure distribution in soils, 
it is necessary to investigate soil elasticity. Formerly, soil was con- 
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Observe the rapid increase of pressure in terms of average 
unit load as the areas increase. Increasing the area of the footing, 
did not decrease the unit pressure under the center of the footing, 
because the intensity of pressure (m percent of average unit load) in¬ 
creased just enough to offset this. Increasing the area brings into 
play additional reactions of small intensities atthe perimeter of the 
loaded area. The pressure under the center of the footing, expressed in a 
percentage of the average unit loads,increases as the area of the foot¬ 
ings for the same total applied loads. 


PLATE 172. VARIATIONS IN UNIT PRESSURES UNDER CENTERS OF DIFFERENT¬ 
SIZED FOOTINGS 

sidered as a granular, cohesionless material, and its elastic proper¬ 
ties were ignored. Now, however, soils are considered as weak 
solids with definite, if imperfect, elastic properties. When a small 
area is loaded in sandy soils, a flow of materials from under the 
edges occurs, relieving the pressure along the perimeter of the foot¬ 
ings. Meanwhile the center grains are locked in place, acquiring 
a large intensity of pressure and forming elastic columns like 
loosely laid-up rubble, as shown on Plate 175. After some settle- 















Stress Distribution beneath a Flexible Plate with 
Circumferential Loading:by Kogler and Sheidig 
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PLATE 173. STRESS DISTRIBUTION BENEATH VARIOUS PLATES 
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BOTTOM OF TIE, SHOWING POSITIONS OF CAPSULES 




Note variation in pressure, both transverse and longitudinal. 

PLATE 174. BULBS OF PRESSURE BENEATH RAILROAD TIES, AS DETERMINED 
BY ENGER 

From “The Second Progress Report of the Special Committee to Report on Stresses 
in Railroad Track/’ Transactions of the American Society of Civil Engineers , Vol. 
lxxxiii, 1919-1920. 

ment has occurred, the flow of the grains ceases and the supporting 
ground behaves like an elastic solid, until the pressure becomes so 
great as partly to break down the formation, or bulb, below. At 
this point a flow again occurs, attended with increased settlement. 
This phenomenon is well illustrated by tests of small areas on 
granular material or sand, made repeatedly to show the elastic re¬ 
bound and “hysteresis” loops. Such curves are shown on Plate 176. 
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These curves are identical with those obtained by testing, in a simi¬ 
lar manner, underpinning piles (see Plate 69), and this stress-strain 
relation is fundamental in all considerations of the bearing values 
of soils. Soils are weak solids with truly elastic qualities which are 
shown by their behavior when the formation caused by a loading 
test is established. Another example of this stress-strain relation¬ 
ship is the action of railroad ties in a seasoned railroad embank- 


PLATE 175. LINES OF MOVEMENT OF SAND BALLAST UNDER LOAD, 

BY ENGER 

From “The Second Progress Report of the Special Committee to Report on 
Stresses in Railroad Track,” Transactions of the American Society of Civil 
Engineers, Vol. lxxxiii, 1919-1920. 

ment rvhere the settlement or penetration of the ties under loco¬ 
motive loads is as much as 3/ 8 of an inch; yet the ballast and road¬ 
bed recover under millions of repetitions of loading. 

Referring to Plate 176, note the steepening of the curve with 
greater loading and the form of the rebound curve. Note also the 
greater settlements in the larger area for the same unit loading, 
indicating lower bearing values per square foot for larger footings. 
This may be explained as follows. Assume that a large footing is 
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composed of a number of smaller contiguous footings. For in¬ 
stance, consider a footing 2 feet square to be composed of 4 con¬ 
tiguous footings of one foot square. Then the bulbs of each of the 
4 small footings would overlap, creating in the center greater in- 



PLATE 176. LOADING TESTS TO DETERMINE FORM OF SETTLEMENT CURVES 

OF TWO DIFFERENT AREAS 

tensities of pressure and consequently greater shortening of the 
supporting grain columns, recorded as settlements. 

With the above data, the subject of foundations may be ap¬ 
proached with more confidence. An idealized case of spread 
footings will now' be examined. Suppose there is a warehouse with 
columns on 20-foot centers with 500 tons load on each column, the 
supporting material being fairly good sand and uniform to rock, 
which is at a considerable distance below. By borings and test pits, 
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it has been established that there is no weak stratum, such as peat 
01 mud, beneath. Let us try to examine the foundation from be¬ 
low-taking a worm’s-eye view, as it were—and try to visualize the 
bulbs of pressure and iso-pressure lines within the sand strata, and 




PLATE 177. APPARATUS BY MEANS OF WHICH CURVES SHOWN ON PLATE 
176 WERE DETERMINED 

also the grain movement which takes place. For simplicity, it will 
be assumed that the footings are 10 feet by 10 feet square and iso¬ 
lated, and that the ground is of such quality that when the mate¬ 
rial is fully loaded (500 tons per footing), a uniform settlement of 
1 inch occurs. The footings, as well as the probable bulbs of pres- 
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PLATE 178. IDEALIZED SPREAD-FOOTING FOUNDATION, SHOWING BULBS OF 
PRESSURE UTILIZING BEARING VALUE OF SOIL TO PRACTICALLY FULL 
CAPACITY 


sure formed by the loading of the soil, are shown on Plate 178. 
More important still, it will be seen that increasing the contact 
area of the footings with the soil will do but little good, as the 
ultimate sustaining area remains the same and it is almost wholly 
occupied by the bulbs. The correct and most economical contact 
area is that which is just sufficiently large to use up the total sus¬ 
taining area available. This can be determined approximately by 
using a slope of 30 0 to the vertical from the sides of the footings 
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for a depth of 10 or 15 feet in ordinary good earth. It will be seen 
that this simple, economical foundation of isolated spread footings 
is as efficient as a mat or raft foundation over the entire area, and 
at much less cost. The average intensity of pressure on the contact 
area is 500 tons divided by too square feet, or 5 tons per square 
foot. The soil pressures will be seen to vary from, perhaps, 20 tons 
per square foot at the center to zero at the edges of the footings. 
The intense pressure lines will not penetrate deeply in compact 



Elevation 



PLATE 179. PRIMARY AND SECONDARY 
BULBS OF PRESSURE UNDER PRETESTED 
PILES 

The primary bulbs are formed as each pile 
is pretested. The cross-hatched area shows 
the overlapping of the two primary bulbs. 
The secondary bulb is largely formed by the 
settling of the primary bulbs during the 
group testing of the piles. 


ground, so that at a depth of from 10 to 15 feet, the pressures will 
be within 5 per cent of uniformity. Were the ground of poor qual¬ 
ity, such as fine silt with a high percentage of water content or 
voids, uniformity of pressure would not be reached except at a 
great depth, perhaps hundreds of feet, as in Mexico City. While 
the building is settling the assumed one inch, sand grains escape 
from the perimeter of the footing into the material between the 
bulbs; this soon ceases, the supporting ground behaving as an elas¬ 
tic solid when settlement ceases, and changing its shape in a truly 
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elastic manner to accommodate varying live loads in the structure. 
The movements, however, induced by the varying live loads would 
be so small that instruments of great precision would be necessary 
to observe them. 

It is now seen that the real supporting area of each column is 
not the contact area of too square feet, but the sustaining area of 



PLATE l8o. PRIMARY AND SECONDARY BULBS OF PRESSURE UNDER SPREAD 
FOOTINGS 

about 400 square feet, at a depth of 15 feet below the level of the 
contact area. The one-inch settlement of the structure corresponds 
to the shortening of the 10 to 15 feet of columns of sand grains in 
what have been termed the primary bulbs of pressure, plus a slight 
compression of the ground beneath these bulbs which forms a sec¬ 
ondary bulb of pressure as shown on Plate 180. For ordinary cases 
with good sand and no weaker underlying strata, the compression 
is practically confined to the layer containing the primary bulbs. 














Science of Foundations 303 

and this situation covers the great majority of foundations which 
support their superstructures with only moderate settlements. 

Another case, fortunately not often encountered, is where the 
upper stratum containing the primary bulbs is underlaid by deep 
soft strata — a condition accompanied by much greater settlements. 
Imagine a structure supported by a group of isolated footings, such 
as is shown on Plate 180, so spaced and proportioned as to transmit 
the loads efficiently to the base of the several primary bulbs formed 
under each footing; then imagine that the strata below plane B-B 
is unconsolidated, say mud, peat, or any fine materials such as silt 
with a high water content. Then in addition to the compression 
between the planes A-A and B-B, which practically corresponds to 
the compression of the individual and separate bulbs between these 
planes, there is the added compression of a large bulb between 
the planes B-B and C-C which has a depth roughly corresponding 
to H / 2 times the dimension “L,” or the entire width of the super¬ 
structure. In ordinary cases where the material below the plane 
B-B is compact and well consolidated, the total settlement is almost 
entirely accounted for by the compression of the bulbs between 
A-A and B-B. This compression is usually moderate and reaches its 
total soon after the dead and live load of the structure reaches 
its maximum. However, if the material below B-B is unconsoli¬ 
dated, the compression of the large bulb between the planes B-B 
and C-C may amount to several feet and may continue for many 
years. 

A geological condition very often met with is an alluvial plain 
or meadow composed of silt, organic matter, and mud, underlaid 
by a firm consolidated stratum. The unconsolidated material 
would be found between the planes A-A and B-B, perhaps a ver¬ 
tical distance of 20 feet, and would have a very high water content. 
Under load it might settle several feet. In one case which was 
observed, a settlement of 3 feet took place under a load of 300 
pounds per square foot. In such a case, short piles are very efficient, 
acting as structural columns to transmit the load from the footings 
to the firm strata below plane B-B. Where unconsolidated material 
is encountered below plane B-B, short piles are inadequate, having 
little effect on the large bulb under plane B-B. This will be ex¬ 
plained in more detail later. Plate 180 warrants study, as it depicts 
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the general case, having a wide variety of applications. By means 
of this, much light is thrown on the action of spread footings. 

Next, an attempt will be made to visualize a pile foundation in 
a manner similar to that just used for spread footings. Each pile 
merely serves to distribute the load to a lower stratum capable of 
supporting the total superimposed load, which consists of the strata 
above and the structure itself. Each pile corresponds to a small 
isolated footing or unit. The economical design is one where there 
are just enough piles to distribute the load uniformly to the highest 
stratum capable of carrying the total superimposed load. The piles 
which accomplish this purpose may be driven with great ease 
through a soft layer to a very hard one, or with great resistance 
through a hard crust to reach the uppermost stratum of sufficient 
capacity. The concept just cited is entirely different from the usual 
one of judging the value of each pile unit by its driving resistance, 
through the use of some simple formula such as the Engineering 
News Formula.” The single-pile value, multiplied by the number 
of pile units, is usually considered to give a product representing 
the total capacity of the foundations. We need only comment that 
this classical method has so often been found wanting, when put 
through the test of actual construction, that its fundamental fal¬ 
lacies need not be gone into here. 

At this point it is well to analyze two different types of pile— 
namely, end-bearing piles and friction piles. The end-bearing pile 
forms the bulb of pressure entirely below its point, while the fric¬ 
tion pile has its bulb extending well above the point, as shown in 
Plate 181. In plan, the bulbs are practically the same, and their 
capacities depend upon the bearing value of the strata at section 
A-A, where practical uniformity of pressure exists. The limit of 
size of the bulbs depends upon the physical characteristics of the soil 
in which they are formed, the friction merely aiding in the forma¬ 
tion of the bulb up to the maximum size. However, the friction 
pile is subject to the weakness that it may and frequently does 
develop temporary support during driving in upper strata of 
weaker physical characteristics, with resultant later settlement. 

In sand a bulb as large as 6 feet in diameter at section A-A may 
be produced by hydraulic jacking and pretesting. It is apparent 
that a number of these bulbs would be the equivalent of primary 
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bulbs which, acting together, would form at section A-A a second¬ 
ary bulb. The most economical pile foundation is one in which 
the units are just sufficient to produce bulbs which at section A-A 
are tangent to each other, using up practically the entire area at 
this depth. More units or piles merely cause overlapping and add 
nothing but expense to the foundation. 

Pile foundations have been used most successfully and eco¬ 
nomically from the earliest times and, in locations such as Venice, 
are very effective. That city is on a marsh which is underlaid at 
a depth of 30 or 35 feet with a hard beach sand forming a perfect 



support for short wooden piles. These have been used for thousands 
of years as an easy solution for the foundation problems there. 
Unfortunately, however, there have been, elsewhere, many cases of 
pile foundation failures and still more cases of the wasteful use 
of piles. Failures occur when the underlying strata, at the depth 
of A-A or below, are inadequate to carry the superimposed loads. 
In very many cases, the use of piles adds little to the foundation 
values. Such is the case where the material at the depth of A-A or 
below is very poor and no better than at the base of the footing 
or the pile cut-off. By the aid of two diagrams (Plate 182, Figs. 1 
and 2) from a paper by Dr. Terzaghi, 1 the action of pile footings 

1 Modern Conceptions Concerning Foundation Engineering,” by Dr. Karl Ter¬ 
zaghi: Journal of the Boston Society of Civil Engineers, Vol. XII, No. 10, December 

1925- 
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may be compared with that of spread footings in two cases— 
namely, for narrow and for wide footings in uniformly compress¬ 
ible ground. The left half of Fig. i, Plate 182, shows the bulb of 
pressure for a spread footing without piles. To the right is the 
bulb of pressure as modified by piles. It is here deepened and 
somewhat widened, so as to add to the foundation value. The zone 
of maximum pressure being deepened, it will take much longer 
to compress the underlying material by the driving out of the 
water from the voids (the usual process), so that the structure with 
piles will settle more slowly. Fig. 2 shows a wide footing on the 
same compressible material of considerable depth. To the left is 
the bulb of pressure for a footing without piles; to the right, the 
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PLATE 182. CROSS SECTIONS 
SHOWING EFFECT OF 
SHORT PILES ON PRESSURE 
DISTRIBUTION, AS COM¬ 
PARED WITH PRESSURE DIS¬ 
TRIBUTION WITHOUT PILES 

Fig. 1: For narrow footings. Fig. 
2: For wide footings. 


bulb modified by piles. The bulb is modified very little because 
of the depth of the compressed zone, which extends far below the 
bottoms of the piles. The zone of compression in the bulb, as has 
been stated generally, extends from one to 1 i / 2 times the width of 
the footing. Dr. Terzaghi states that lack of knowledge of the effect 
of piles on the settlements of foundations has led to uneconomical 
construction, hundreds of thousands of piles having been driven 
under soil conditions which made them useless, and very often 
absolute confidence in their efficacy has led to grave mistakes. For 
these reasons, the achievement of a more thorough understanding 
of the effect of piles is one of the most important tasks of the new 
science of soil mechanics. 

Terzaghi’s first conclusion is that it is impossible to devise a 
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universally applicable pile-driving formula, largely because the 
dynamic and static resistances of the penetrated soils depend upon 
fundamentally different factors. Another conclusion is that the 
consolidating action of piles on soil varies between zero, for almost 
impermeable clay and silts, to a high figure for loose permeable 
soil. The supporting power of a single pile is of course no measure 
for what a large group will support. Terzaghi classifies pile foun¬ 
dations as follows: 

Class A - Pile foundations in deep soft mud or poor clay depos- 

Class B. Pile foundations in deep loose sand and clay deposits. 

Class C. Pile foundations transmitting the load of the super¬ 
structure through soft strata to more solid strata. 

Class D. Pile foundations on permeable sedimentary strata con¬ 
taining, at a greater depth, intercollations of soft plastic sand or 
clay. 

Class A. In this case, the load of the superstructure is trans¬ 
mitted part way to the level of the pile tips. The piles delay the 
settlement or compression of the upper strata, which would occur 
if the piles were omitted. The pile’s action is restricted to the 
elimination of the component of settlement that would be caused 
by the consolidation of the upper strata of the soil. This compo¬ 
nent seems to be very small in many cases. The influence of the 
piles depends upon the ratio of the width of the footing and 
the load to the length of the pile. The main cause of settlement 
is located within a zone of a depth of 1 1/ 2 times the width of the 
superstructure and, in the case of wide footings, extends far below 
the level of the pile tips. Plate 182 shows the condition existing 
under such circumstances, both where the piles are effective and 
where they are ineffective. 

Terzaghi cites the case of a building built on strata of soft clay 
and mud of great depth, one part resting on a slab foundation with¬ 
out piles, the other part on piles. Both parts of the building settled 
so uniformly that at the boundary between them no cracking oc¬ 
curred in the plastering. In another case, in Texas, where build¬ 
ings were customarily placed on pile foundations, the piles, about 
1,600 in the ordinary design, were omitted, and the building was 
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placed on a reinforced concrete mat. Settlements of a little over 
one inch occurred, such as were usually found with pile founda¬ 
tions in the vicinity. He further states: “Expensive pile foun¬ 
dations are built in very many cases in which the influence of the 
piles is zero. To prevent the waste of capital caused by this, it is 
an economic necessity to get a clear insight into the subject. Theo¬ 
retical considerations and laboratory experiments are only able to 
give the first essential facts. The decisive observations must be 
made on erected buildings, particularly qualified [that is, particu¬ 
larly suitable for the purpose].” 

In observing settlements in this case, that is in Class A pile foun¬ 
dations, two kinds are found: one due to the compression of the 
soil, and one due to lateral displacement. In the first case, settle¬ 
ment occurs not only in the area directly beneath the structure, 
but also in a wide area in the vicinity. In the second case — that is, 
settlement due to displacement — the ground in the vicinity of the 
superstructure will show a slightly upward movement. 

Class B. With pile foundations on deep loose sand the com¬ 
pressibility of the upper soil decreases rapidly to a depth of 10 to 
15 feet, and is more constant at greater depths. In this case, short 
piles are efficient in decreasing settlement. 

Class C. This is the case where the piles transmit the load 
through soft strata of soil to a firmer stratum. In loose sand, rub¬ 
bish, and the like, the pile-driving consolidates the upper strata so 
that the load is transmitted to the lower firm strata with little com¬ 
pression by the superstructure. This is a simple case when pile¬ 
driving is very effective. 

In the more difficult case, the substratum cannot be consolidated, 
as in mud or soft clay. This is manifested by an upward movement 
of soil between the piles. The volume of soil forced upward is 
about equal to the volume of the piles. Where the piles penetrate 
nearly to the bottom of the soft superstratum, they may, by skin 
friction, transmit the load to the firm strata below. However, this 
theory is not yet proved or disproved by actual observation on 
buildings. 

Class D. This is a situation where pile foundations are on per¬ 
meable, sedimentary strata containing deposits of soft plastic clay 
or mud at a greater depth. This is a difficult case, and one in which 
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PLATE 183. LOADING AND SETTLEMENT OF A PILE FOUNDATION ON THE PACIFIC COAST 
Data from Dr. Terzaghi. 
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many large settlements of pile foundations have occurred from two 
causes: (1) the consolidation of the deposits due to drainage or 
squeezing out of the excess water in them; (2) deformation affect¬ 
ing the whole plastic deposit. The volume subject to settlement is 
contained in the bulb which extends to depths of from 1 to ii/£ 
times the width of the superstructure. If the stratum of clay or 
mud is at a depth of less than one-third of the width of the super¬ 
structure, settlement due to consolidation is greater than that due 
to displacement. 

Probably the most instructive and most completely investigated 
case of an inadequate pile foundation, and one which illustrates 
the fundamental principles of soil mechanics, is that of a factory 
building on the Pacific coast shown on Plate 183. This building 
occupies an area of about 590 feet by 460 feet. The foundation 
was composed of about wood piles, 50 to 60 feet long, driven 
in the standard way and capped with reinforced concrete. Beneath 
the building there is a layer of soft mud and fine sand to a depth 
of about 100 feet, then a layer of clay with a water content of 69 
per cent. At 120 feet, a hard bottom of coarse sand and gravel is 
reached. The average superficial load amounted to 2 tons per 
square foot, and the settlement over a 3-year period was 20 inches, 
as shown by the settlement curve in the illustration. The settle¬ 
ment seems not to have been influenced by the presence of the 
piles and is attributed by Terzaghi solely to the squeezing out of 
the water in the wet underlying materials. 

Very instructive also are the settlement curves shown on Plate 
184. The upper set are the theoretical settlements for a 7-month 
period. The lower are the actual observed settlements, and closely 
match the theoretical. This is the first time, to the authors’ knowl¬ 
edge, that such matching of theoretical and observed results has 
been realized on a large scale. For plotting the theoretical settle¬ 
ment, the method of Boussinesq 2 was used. In this method, the 
basic idea is to determine mathematically the influence of a load 
acting on areas at various depths. By breaking up the load into a 
number of unit loads concentrated at points, the stresses caused by 
them are determined and summed up on the assumption that these 
stresses superimpose—that is, are added up algebraically. This is 

2 P* e Bautechnik, 1927, “Results of Recent Experiments,” by Prof. Ing. F. Kogler, 
Freiberg, Saxony, and Dr. Ing. Scheidig, Langenhessen, Germany. 
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PLATE 184. SETTLEMENT CURVES OF LARGE BUILDING FOUNDATIONS SHOWN 
IN PLATE 183 

Data from Dr. Terzaghi. 
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a basic idea in the statics of elastic bodies, and in principle it is 
shown on Plate 186. From samples of the supporting materials, 
their physical properties, such as compressibility, permeability, and 
so on, were obtained in a laboratory. The mathematical computa¬ 
tions gave the load acting on each vertical column of supporting 
soil. 



Settlements in feet' 





PLATE 185. SETTLEMENT CURVES OF ORIGINAL LEVEL COURSES OF STRUC¬ 
TURE SHOWN ON PLATES 183 AND 184 

Note on Plate 184 that the rate of settlement is much higher at 
the center than at the perimeter, one foot against 4/10 of a foot 
settlement for only 7 months. This indicates, on a very large scale, 
a bulb of pressure similar to the small ones previously obtained 
by laboratory experiments. It also indicates the cause of the 
parabolic settlements observed in Mexico City and elsewhere. 
Note that the walls of the buildings at right angles to the settle- 
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ment curves would have high differential settlements and, conse¬ 
quently, would be liable to crack; walls approximately parallel to 
the settlement curve would settle uniformly and suffer relatively 
little. This has been observed to be the fact in this case. From 
Plate 184, we can plot the change of profile the exterior wall foot¬ 
ings would assume over a period of 7 months, or the profile of 
settlements for this period. That from A to B and also that from 
C to D are shown on Plate 185. (AB is the wall at the top of Plate 
184, Fig. 1. CD is the wall shown by a dotted line at the lower cen¬ 
ter of Fig. 1.) 


PLATE l86. DISTRIBUTION 
OF LOAD CONCENTRATED 
AT A POINT, BY THEORY 
OF BOUSSINESQ AS GIVEN 
BY SCHEIDIG 
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Note that for the 3-year period after erection, the settlements 
had accumulated to a maximum of 20 inches. The settlements of 
this building have not only cracked the walls at right angles to the 
settlement contours, but have also greatly damaged machinery. 
For new extensions of an existing building subject to settlement 
it is a good plan to construct the foundations for the new building 
and set the machinery so that anticipated settlements can be taken 
up without damage. When settlement cannot be prevented, it is 
economically very important to predict its extent for a new struc¬ 
ture and to make provision for coping with it. 

The preceding portions of this chapter were designed to give 
a general discussion of the science of foundations as taught by those 
most advanced in this subject, but it is felt that it is advisable to 
present a more detailed discussion of some phases of this science 
with a view to aiding in its application. 

RELATION OF AREA TO BEARING CAPACITY 

It would seem obvious that if pressures beneath footings are not 
uniform, but vary according to parabolic curves from a maximum 
at the center to zero at the edges, and that if the zones of compres¬ 
sion, as shown in the bulb of pressure and numerous other observa¬ 
tions, extend to a depth increasing with the dimension and load 
of the footing, then the capacities of footings cannot be directly 
proportional to their areas. In this connection the term “capacity 
of footings” must be carefully defined. It should be defined in 
terms of settlement; that is, for every structure, a certain settlement 
not affecting the value of the structure is allowable. Hence the 
capacity of a footing is the load it will carry in terms of allowable 
settlement, and may be expressed in terms of average load per 
square foot or tons per linear foot of diameter for a settlement of 
N inches. The settlement as used here is the total settlement, not 
a partial one with continuing movement. This is quite different 
from the ultimate capacity of a footing, which may be developed 
only after many years of vertical movement and many inches or 
even feet of settlement. The ultimate capacity of a footing or foun¬ 
dation (the greatest load a footing after considerable settlement 
can carry without further penetration), may be many times its safe 
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capacity as defined above, and has saved many structures from 
destruction, though not from considerable damage. 

We have yet to answer the question: What effect has the bearing 
area of the footing upon its capacity? It used to be answered quite 
simply. To each soil was assigned a value, such as 2 tons per square 
foot for clay, 4 tons for sand, and so on, and the desired area of the 
footing was found by dividing the computed load upon the foot¬ 
ing by these values. Unfortunately for simplicity, this is not true. 



PLATE 187. GOLDBECK’s CURVE OF RELATION OF PENETRATION OF SOIL 
TO BEARING AREA OF SLAB FOR EQUAL UNIT LOADS 

From Proceedings of the American Society of Civil Engineers, Vol. 1 ., p. 460. 

Later it was found by Goldbeck and other investigators that, ex¬ 
pressed in terms of penetrations or settlements, circular footings 
were found to vary in their capacities as their diameters and not 
as their areas or the squares of their diameters. This is shown in 
the settlement curve published by Goldbeck, which very accurately 
follows this rule. The curve is shown on Plate 187. It should be 
noted that the material is cohesive and cemented. Similar results 
were found by a committee of Austrian engineers and are shown 
on Plate 188. These were all small-scale tests on footings up to ten 
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PLATE 188. EXPERIMENTS SHOWING RELATION BETWEEN SMALL AND LARGE 
AREAS WITH EQUAL UNIT LOADINGS 


I hey indicate results similar to those found by Goldbeck. They were made by Dr. 
Fritz Susperger, Vienna. 
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PLATE 189. SETTLEMENT TESTS 
FOR LOADS UP TO 1,200 TONS 
ON LARGE AND SMALL CON¬ 
CRETE CAISSONS, CHICAGO 
UNION TERMINAL 


square feet, but large-scale tests on the foundation for the Chicago 
Union Terminal Building seemed to confirm them. These are 
shown on Plate 189. In these tests, the largest scale tests yet made, 
open wells were sunk through the clay to the underlying hardpan 
(glacial drift) about 100 feet down; these wells were filled with 
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concrete and loaded by means of hydraulic jacks, and the settle¬ 
ments noted. Xo correct for friction, tunnels were driven beneath 
the shafts which were then retested to failure. These tests indi¬ 
cated that the large caisson did not even have the proportional 
capacity of its diameter to that of the diameter of the smaller one. 

A tall office building in Florida, on soft coral rock, suffered 
damage during erection because its larger footings settled much 
more than its smaller ones. The original assumption, that the foot¬ 
ings upon the soft rock would have capacities directly proportional 
to their areas, proved untrue. Not only did the action of the foot¬ 
ings themselves prove this, but it was further confirmed by some 
bearing tests shown in Plate 190. It is often stated that there is only 
one thing, a rock foundation. In biblical terms, a house budded 
on rock shall stand, but on sand shall fall. Were this taken literally, 


PLATE 190. SETTLEMENT CURVES BASED 
UPON TESTS ON CORAL ROCK, MIAMI, 
FLORIDA 

They indicate that soft rock acts in a manner 
similar to earth. 
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Courtesy Messrs. Spiker and Lose. 

no important structure could be set up on anything other than 
rock. Unfortunately, it is not so simple, for geologically there is 
little difference between sand and sandstone. One passes into the 
other in a reversible cycle; also clay into shale, then into slate or 
schist, and vice versa. A common reference is to “ledge rock in 
place,” but ledge rock exposed to the action of the weather for long 
periods of time decomposes to earthy materials such as kaolin and 
serpentine, often the poorest materials for foundations. Young 
rocks, such as those of Florida, even when not decomposed, are 
porous and of poor quality; and, as noted above from the loading 
tests and the action of the building itself, the soft rock behaved 
very much in the same way as earth. 

The tests cited above relative to the capacities of footings might 
seem conclusive but, on the other hand, other tests and experiences 
are contradictory. It may be that the relation between bearing 
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capacity and area varies with the size of the footings; that is, the 
relation in regard to capacity of small areas to each other may not 
hold for large areas. Some observers maintain that the capacities 
vary as the perimeters of the footings; this would account for rapid 
variations in capacities of small footings (on area-perimeter ratio) 
and small variations in large footings. Probably the truth is that 
the relative capacities of footings are not governed by such a simple 
relation as either the ratio of area to perimeter or the ratio of the 
diameters, but are affected by the size of footing, the proximity of 
neighboring footings, their depths, their shape, and the character 
of the underlying material — whether consolidated as compact sand, 
gravel, and dry clay, or unconsolidated as wet clay, silt, mud, peat, 
and so forth — and whether cohesive or non-cohesive. 

Much work in soil mechanics has been done, and enough knowl¬ 
edge is available to enable us to avoid some pitfalls. 3 By utilizing 
this knowledge, and with the superior tools, materials, and meth¬ 
ods now available, better results can be achieved and, particularly, 
desired results can be secured more economically than in the past. 

CAPACITY OF PILE FOUNDATIONS 

Pile formulae being unreliable, how are we to determine the 
value of a pile foundation? The only reliable way is by comparison 
with existing known loads on pile footings installed under similar 
conditions, or from determinations secured by tests on a group of 
piles. A single pile test is unreliable for a group unless the piles 
are widely spaced. As the spacing gets closer, a single test becomes 
more and more unreliable, unless the pile reaches rock or very hard 
material. A group test of six or more piles may give fairly reliable 
information as to the value of a large group. 

For uniform sand not underlaid by a softer material, the num¬ 
ber of blows per inch of penetration of a standard hammer does give 
some indication of the bearing value of the pile, when applied to 

3 See the following works: American Society of Civil Engineers, Manual of Engi¬ 
neering Practice No. 18, Selected Bibliography on Soil Mechanics, 1940; D. P. 
Krynine, Soil Mechanics, New York, 1941; Karl Terzaghi and Ralph B. Peck, Soil 
Mechanics in Engineering Practice, New York, 1948; Donald W. Taylor, Fundamentals 
of Soil Mechanics, New York, 1948; Gregory Tschebotarioff, “Settlement Studies of 
Structure in Egypt, Transactions of the American Society of Civil Engineers, 1940; 
Proceedings of the First (1936) and Second (1948) International Conferences on Soil 
Mechanics. 
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an undamaged pile not so closely spaced as to be in ground com¬ 
pacted by its neighbors. In order to be reasonably sure of the 
results, everything has to be uniform — the ground, the piles, the 
blows of the hammer — and the comparison with previous results 
has to be a fair one. Although many pile footings have been driven 
by such comparison and have successfully carried their structures, 
there have been so many cases of failure that this method cannot 
be recommended. Unless the piles reach either rock or very com¬ 
pact materials, actual loading tests on a group of piles are the only 
reliable guide, and such tests have to be made with great care. One 
method is the application of the test load to the group of piles by 
means of hydraulic jacks reacting against a loaded platform. 

From tests and experience, the authors do not depend on the 
skin friction of piles to maintain their load. They believe, as pre¬ 
viously stated, that the material below the base of the pile must 
ultimately maintain the load, and that in the last analysis end¬ 
bearing is the only reliable factor. Friction may help to transfer 
the superimposed load to the base of the pile; or, in other words, 
the bulb of pressure may extend part way up the sides of the pile. 
It has been necessary to underpin many buildings where friction 
had been relied upon to sustain the piles. Unfortunately, although 
the piles drove hard, the material below compressed and the entire 
structure settled to a parabolic or catenary curve as previously 
described. 


SOME DETAILS OF SOIL MECHANICS 

As has been stated, when elevations taken on large structures 
showing considerable settlement are plotted, the resulting curve of 
settlement plotted against time is parabolic in form; that is, the 
settlement is rapid at the start and gradually slows down until it 
is very slight. This has been explained as due to the load forcing 
out the water contained in the compressed material; as the void 
spaces are very fine, the water can flow but slowly through the 
pores. At the beginning of compression, the water has to flow but 
a short distance to reach the surface of the saturated material. 
Later, as the settlement increases, the water has to overcome the 
resistance of longer courses and flows correspondingly more slowly. 
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The observation as stated has only a qualitative value, and the pro¬ 
fession is indebted to Dr. Terzaghi for working out this problem 
mathematically. This he did by what he called the “thermo¬ 
dynamic analogy.” Imagine a solid of various heated layers. The 
upper layer, being in contact rvith the cooler medium, will cool 
and shrink nearly to the temperature of the medium, this being a 
rapid process. The second layer, being blanketed by the upper 
layer, necessarily cools more slowly; and so on until we reach the 
lower layers, which cool very slowly. For the various thermo¬ 
dynamic constants, Dr. Terzaghi substitutes hydrostatic constants, 
and is thus able to express an exact mathematical equation for the 
compression of a material with abnormal voids, either under its 
own, or under a superimposed load. This is a valuable contribu¬ 
tion to the science of soil mechanics. It not only explains the settle¬ 
ments of buildings, but has great geological value, for alluvial 
deposits settle of their own weight, as in the delta of the Mississippi. 
With certain coefficients determined, the time of consolidation of 
these deposits can be computed. For very thick layers, this will 
run into many thousands of years. 

The foregoing observations are not intended to be applied to 
sand or mixtures of sand and clay, or to stiff clay in a solid condi¬ 
tion. When we deal with clay with a considerable moisture content, 
we have a substance whose behavior is very different, this being 
determined by hydrostatic law, capillarity, and even by the elec¬ 
trical attraction of its fine particles or by its colloidal state. In 
extremely fluid condition this substance flows like tar and appears 
to have a sustaining power about in proportion to the area reacting 
against the footing. It is seriously affected by another factor—the 
time element; that is, it rapidly compacts over a period of time, 
allowing the settlement of a structure superimposed upon it. 

Dr. Terzaghi is to be thanked, not only for modern conceptions 
concerning soil mechanics, but also for conceptions embodying the 
most advanced scientific knowledge of molecular physics, hydro¬ 
statics, electrical and colloidal states of matter. Although the scope 
of this book does not permit us to go into such matters further, 
a few figures are given below from Dr. Terzaghi’s paper delivered 
before the Boston Society of Civil Engineers. These figures, shown 
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on Plate 191, illustrate graphically how granular material may vary 
from 27 per cent voids to 98 per cent voids after having been 
deposited by the process of sedimentation. 

Some observations are given here which may be helpful in un¬ 
derstanding the behavior of clay and very fine-grained soils with 



Fig. 1: Ordinary position of land grains 
as deposited from water. Voids 26 per 
cent to 47 per cent. 



Fig. 2: Process of sedimentation. 



Fig. 3: Honeycombed structure of very 
fine sediments with voids of from 50 
per cent to 94 per cent. 



Fig. 4: Flocculent structure of very fine 
sediments with voids of from 50 per 
cent to 94 per cent. 


PLATE 191. VARIOUS STATES OF GRANULAR SOILS, ACCORDING TO TERZAGHI 
Voids from 26 per cent to 94 per cent. 


varying degrees of moisture. The United States Bureau of Public 
Roads, working under the direction of Dr. Terzaghi as research 
consultant, has classified soils according to the Atterberg method. 4 


4 See also Arthur Casagrande, “Classification and Identification of Soils,” Proceed¬ 
ings of the American Society of Civil Engineers, June, 1947. 
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1 liese tests can be made in a short time with simple equipment. 
They furnish three coefficients: the liquid limit, the plastic limit, 
and the shrinkage limit. The liquid limit of a given sample is the 
water content at which the soil grains still have a certain degree of 
liberty to adjust themselves. (The water content is the ratio be¬ 
tween the volume of water and the volume of solids, and not the 
entire volume of the sample.) It corresponds to the top layer of 
a recent clay or mud deposit. 

The plastic limit represents the lowest water content at which 
a soil can still be worked into threads l / 8 inch in diameter without 
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PLATE 192. DEFORMATION DIAGRAM FOR 
PLASTIC SOIL AS RELATED TO MOIS¬ 
TURE CONTENT 

The curves show the deformation of cubes of 
soil, under pressures of 5.6 pounds and 12 
pounds respectively. Note that the sharp 
breaks in the curves (critical bearing points) 
coincide closely with the lower plastic limits. 


breaking. At the plastic limit, the coefficient of permeability of 
water becomes practically zero and the speed of evaporation de¬ 
creases rapidly from 4 per cent above that of a free water surface 
to a much lower rate, from which Terzaghi concludes that below 
the plastic limit the physical properties of the contained water are 
no longer those of free water. At the same plastic limit, there is 
also the critical bearing point” as the compression produced by a 
concentrated load rapidly increases with increasing moisture con¬ 
tent. This is shown clearly in Plate 192 (“Simplified Soil Tests for 
Subgrades and Their Physical Properties,” Public Roads, Novem¬ 
ber, 1926, No. 2, p. 155). 
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The shrinkage limit is defined as follows: 

If the water content of a soil decreases on account of evaporation to a 
value below the lower plastic limit, the soil is said to pass from the 
plastic into the semi-solid state. During the process the decrease in 
volume of the soil is precisely equal to the volume of water lost by 
evaporation. However, as soon as the moisture content reaches a cer¬ 
tain minimum limiting value, the volume of the sample ceases to 
diminish while the weight of the sample continues to decrease. We 
say that the sample has passed from the semi-solid into the solid state. 
The limit between these two states is marked by a change of color of 
the sample from dark to light. The moisture content which corre¬ 
sponds to the point of transition between the two states is called the 
shrinkage limit. [Public Roads, Vol. 7, No. 8, p. 157.] 

The relation of the states of matter of clay and fine granular 
material to capillarity of contained water, is explained as follows: 

At the lower liquid limit the pressure exerted by the surface tension 
of the water or by the capillary pressure, as it should be called, is prac¬ 
tically equal to zero. At the lower plastic limit it amounts to several 
atmospheres and, while the sample passes through the semi-solid state, 
the capillary pressure becomes still higher. Finally, however, there 
comes a point where the force required to produce a volume change 
equal to the volume of the evaporated water becomes greater than the 
maximum value the capillary pressure can possibly assume. 

Hence, if still more water evaporates, the surface of the capillary 
water withdraws into the interior of the soil. Air enters the voids and, 
as a consequence, the color of the soil changes from dark to light. The 
water content at which this change occurs is the shrinkage limit. The 
shrinkage limit obviously depends on two factors: the compressibility 
of the soil and the maximum value of the capillary pressure. 

Dr. Terzaghi in the Engineering News-Record of December 3, 
l 9 2 5 > gives the following table about the properties of clay and 
sand: 

Clay 

1. Volume of voids may be as high as 98 per cent of total. 

2. Shrinks in drying. 

3. Has marked cohesion depending upon moisture content. 

4. Is plastic. 

5. Compression very slow when load is applied to surface. 

6. Is very compressible. 
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Sand 

1. Volume of voids is about 50 per cent maximum. 

2. Does not shrink in drying. 

3. Has negligible cohesion when clean. [A state seldom met with in 

nature—Authors.] 

4. Is not plastic. 

5. Compresses almost immediately the load is applied to surface. 

6. Is far less compressible than clay. 

The properties of day are important to bear in mind when deal¬ 
ing with foundations. The first two have already been discussed. 
The third property comes from the capillary attraction of the water 
confined in the small tubes, or voids, in the clay. After a certain 
degree of drying, such water remains there permanently and gives 
a lasting cohesion and shearing strength. The fourth property, 
plasticity, is present because clay contains scalelike particles sim¬ 
ilar to small pieces of mica. The fifth property, slow compression, 
is present because water can flow only slowly through the small 
tubes and water courses. The clay acts like a hydraulic shock- 
absorber. The sixth property, namely, that clay is very compressi¬ 
ble, is caused by its high voids and its capacity to absorb much 
water. 

Sand is very compressible at 50 per cent voids, and almost in¬ 
compressible at 42 per cent. As to its third property, sand as or¬ 
dinarily met—even good building sand—has considerable cohe¬ 
sion, since it is very rarely clean and dry. 

Fortunately for foundations, clay is seldom found pure, but is 
mixed with considerable sand, which gives it intermediate proper¬ 
ties between sand and clay. When clay is well saturated, the results 
of loading tests will show, when plotted, that penetration is pro¬ 
portional to the load. Practically a straight line is obtained, re¬ 
vealing almost perfect elastic qualities. Unfortunately, the curve 
suddenly breaks at the yield point and great settlements or pene¬ 
trations then occur. This is well illustrated by Plate 193. Sand, 
on the contrary, when similarly tested and the test plotted, reveals 
a parabolic curve slow to assume a vertical position and carrying 
loads far beyond that of clay. Corroborating the physical proper¬ 
ties just described, there have been noted settlements in structures 
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adjacent to foundation work in clay, in a manner and at a time that 
indicate two causes not attributable to loss of ground. First, the 
removal of buildings, or other overburden of clay strata, has 
caused settlement in adjacent buildings. The hydrostatic equi- 
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PLATE 193. TESTS ON DEEP PILES IN SOFT BRICK CLAY, WOODBRIDGE, NEW 
JERSEY 

librium of wet clay layers is disturbed by the removal of super¬ 
imposed loads. Second, the pumping of water from open wells or 
caissons during foundation operations causes the shrinkage of adja¬ 
cent wet layers of clay supporting neighboring structures, where¬ 
upon a general, but usually not damaging, settlement ensues. In 
pile-driving operations, clay will often exhibit a great resistance 
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to the penetration of the piles and apparently (according to the 
usual formula) yield a high bearing value. Yet a static test will 
demonstrate a very low value. This is explained by the great resist¬ 
ance water encounters in flowing through the capillary spaces in 
the clay. Under a static load, the rate of flow is slow but steady, 
allowing the clay to yield. Tests on remolded or puddled clay, 
or other fine soils, show that a great loss of strength and bearing 
value takes place when this ground is disturbed, confirming the 
field experience that foundations, if possible, should be placed 
upon undisturbed ground. Pile-driving operations in wet clay 
have been observed to accelerate settlements of foundations as com¬ 
pared with structures on neighboring foundations on undisturbed 
ground. 

EXAMPLES OF SETTLEMENT 

Prior to 1931, some important data came to hand from Dr. Ter- 
zaghi, member of the Committee on Earths and Foundations of 
the American Society of Civil Engineers, and from Mr. Buchanan, 
research assistant to the committee, of which one of the authors 
(Mr. White) was chairman. Mr. Buchanan, using the method of 
Boussinesq (see Plate 186) as applied by Dr. Terzaghi to the prob¬ 
lem of foundations on yielding soil, and by the use of a graphic 
solution of the problem as devised by himself (saving a great 
amount of computation accompanying the original analytical 
method), computed the pressures beneath an extended founda¬ 
tion on a heavy bed of soft clay at three planes as in Plate 194, 
Figs. 1, 2, and 3. 

The underground conditions in the vicinity were those of a large 
tidal basin adjacent to a large eastern city. This area containing 
streets and buildings had been settling for many years. The under¬ 
lying material was a soft clay, consolidating under its own weight 
and its superimposed load of structures. 

Under these conditions, wooden pile foundations of length less 
than the thickness of soft material were entirely ineffective and in 
fact appear to accelerate settlement somewhat, because of the pud¬ 
dling action of the vibration set up by the driving of the piles. 
This is explained by the observation that some clays have a struc¬ 
ture of dry grains surrounded by wet colloidal clay; vibration 











PLATE 194. DISTRIBUTION OF STRESS UNDER A TYPICAL BUILDING 

Contours indicate pressures in pounds per square foot. Pressures computed by J. S. Buchanan 
for the Committee on Earths and Foundations, American Society of Civil Engineers. 
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breaks down the grains and reduces the mass to a more liquid 
condition with much less bearing value. 

Plate 194, Figs. 1, 2, and 3, are very instructive as they show 
quantitatively the variation in intensities of pressure at various 
depths, how such variations increase from plane to plane as we 




PLATE 195. SETTLEMENT OF TANK ON THICK LAYER OF SOFT CLAY (COM¬ 
PARE WITH PLATE 194) 

Data supplied by Dr. Terzaghi. 

approach the footings, and to what great depth they extend. They 
also plainly indicate the fallacy of the earlier assumptions of uni¬ 
formity of pressure in the design of foundations. In this case, it is 
interesting to note that beneath the isolated footings indicated, 
groups of wooden piles were driven which, although intended to 
support the building with slight settlement, were entirely ineffec¬ 
tive, the settlement reaching a total of about one foot in a very few 
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years. With information similar to that contained on Plate 194, 
and from compressive tests on undisturbed cylinders of clay ob¬ 
tained from borings, together with tests of the porosity of the 
samples, the rates of settlement have been computed and checked 
closely with observed results. This is the method applied in the 
case illustrated in Plate 184. 

The authors submit the above data mainly to indicate the prog¬ 
ress being made in foundation research and their belief that great 
advances are to be expected along these lines. 

Field Observations of the Settlement of Buildings .—The au¬ 
thors believe that although theory combined with laboratory work 
is of great value, it is necessary to supplement such work by actual 
observations of full-sized structures bearing on large areas, as other¬ 
wise there is always a doubt of the applicability of theory and small- 
scale tests to full-sized structures, particularly as we now know of 
the great depths underground affected by large structures and the 
great length of time during which such structures settle when un¬ 
derlain by soft materials. 

With the idea of using buildings in the conduct of his experi¬ 
ments, Dr. Terzaghi has closely observed a number of structures 
in Europe and devised a simple and comprehensive way of show¬ 
ing the results of such observations, as illustrated in Plate 195. 
It is surprising how difficult it is to collect continuous and accurate 
settlement observations on structures, together with the necessary 
information as to the underground conditions. Usually observa¬ 
tions are taken subsequent to the apparent damage and discon¬ 
tinued when further damage is no longer apparent to the eye. 
Buildings are often reported as without settlement when contin¬ 
uous accurate observations would reveal a considerable settlement 
during construction and a slow and measurable settlement after¬ 
ward. 

Again, engineers are reluctant to admit settlement of structures 
in their charge for fear of criticism of their design, whereas often 
such settlement could be prevented only with financial resources 
beyond their command and even, in many cases, beyond the pres¬ 
ent resources of the science of engineering. In many cases, while 
it may be beyond the financial resources of the owners to provide 
a foundation adapted to limit settlement to a negligible amount, 





Science of Foundations 329 

yet if the initial settlement and the subsequent rates of settlement 
of such a structure could be predicted, provision could be made 
therefor, and damage to the structure and its contents could be 
avoided. The Yankee Stadium is a good example of a structure for 
which provision was made for correcting settlements. 

It is therefore with great satisfaction that the authors are pub¬ 
lishing herewith, with the kind permission of Dr. Terzaghi, Plates 



PLATE 196. SETTLEMENT OF BUILDING ON THIN LAYER OF SOFT CLAY 

(compare with plate 195) 

Data supplied by Dr. Terzaghi. 


*95> *96* and 197, illustrative of the settlement loadings and under¬ 
ground conditions of various buildings under accurate observa¬ 
tions. They hope that many future users of their book will be able 
to make helpful comparison of their own cases with those given 
here, and will be able either to avoid putting proposed structures 
on dangerous areas or to make adequate provision for predicted 
settlements. 

Experiments with Steel Tank .—To illustrate the variable settle- 
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PLATE 197. SETTLEMENT OF OIL TANK ON WOODEN PILES 

Note long-continued settlement despite pile foundation. Data supplied by Dr. Terzaghi. 
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PLATE 198. EXPERIMENTAL LOADING OF OIL TANK 

Its flexible bottom gave settlements for uniform loading. Observations were made 
by Dr. lerzaghi for the Committee on Foundations, American Society of Civil 
Engineers. 
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ments below a structure uniformly loaded, a steel tank with flex¬ 
ible bottom resting on soft clay was filled with water and the 
deflection of its bottom accurately observed under the direction of 
Dr. Terzaghi. Instead of settling uniformly, in accordance with 
older theories, the bottom bulged downward, indicating a concen¬ 
tration of pressure at the center in conformity with the most ad¬ 
vanced theories. This is illustrated by Plate 198. Note that a mat 
or raft foundation, instead of being subjected to slight stress as 
usually computed, would be subject to severe strains because of the 
quick changes in the shape of the underground. 




VIII. The White House 


The Executive Mansion in Washington, famous throughout the 
world as the White House, was officially declared unsafe in 1948. 
It had been conceded for many years that from any modern view¬ 
point the building was unsuitable for occupancy by the nation’s 
Chief Executive. Therefore, the President and his family were 
requested to move into near-by Blair House, while the Public 
Buildings Administration, aided by several consultants including 
these authors, studied the problem of restoration. These studies 
continued until late in 1949 when the present plan was adopted. 1 

Started in 1792, the White House was occupied from 1800 to 
1814 when it was burned by the British. From 1818 when restora¬ 
tion was completed, until 1948, the White House has been the 
home of all our Presidents. During these 130 years, modernization 
has been carried on from time to time, but the structure has been 
far more adequate as a beautiful monument to our Presidents than 
as a comfortable home for their families. 

This same period has witnessed the gradual but continuous 
deterioration of the building from a structural standpoint. The in¬ 
terior walls, carrying a load considerably heavier than is carried by 
the exterior walls, were originally provided with foundations only 
one-half as wide. The result has been unequal settlements, the 
interior walls sinking and pulling away from the exterior. The in¬ 
stallation of piping, wiring, and other utilities over the years has 
resulted in the cutting and weakening of the floor beams, particu- 

1 By that time, the preparation of this volume was well under way, and it was the 
authors’ belief that the White House underpinning would not have progressed to 
such an extent as to be included. However, the progress of the underpinning has 
been better than expected, and the authors have decided to delay publication suffi¬ 
ciently to include a brief description of that portion of the work. 
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PLATE I99. GROUND FLOOR PLAN OF THE WHITE HOUSE BEFORE 1950 
RENOVATION 

All interior walls, as well as the second, first, and ground floors, were removed in the 
renovation. 

larly in the second floor, the President’s living quarters. In fact, it 
was the investigation of the sagging of this floor which led to the 
present reconstruction program. 

Alter a careful study of the problem by a six-man commission 
consisting of two representatives each from the Senate and the 
House, together with an outstanding architect and engineer, it was 
decided to completely demolish all interior walls, the second, first, 
and ground floors, and in effect, to build a modern steel building 
within the existing exterior walls. All loadings are taken off these 
walls, and, although the third floor and roof, remodeled in 1927, 
remain in place, their loads are temporarily shored and will be 
finally transferred to the new steel work. 

Members of the authors’ company, Spencer, White & Prentis, 
Inc., were early called in consultation, and the company was 


PLATE 200 (OPPOSITE PAGE). TRANSVERSE SECTION OF THE WHITE HOUSE 

Showing shoring system, and the relation of new foundations and underpinning to 
existing construction. & 
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awarded the sub contract for what might be called the structural 
work—that is, shoring, underpinning, excavation, and new founda¬ 
tions. Boarings disclosed the fact that a stratum of gravel about 20 
ft. thick lay approximately 25 ft. below the surface. It was decided 
to underpin all exterior walls to this stratum, and to found the new 
interior columns in the same material. This continuous underpin¬ 
ning serves the dual purpose of providing adequate foundations 
for new and existing loads, and also of serving as exterior walls of 
a new cellar and mezzanine, space highly important in the new 
plan. The underpinning has been accomplished by the so-called 
pit method. (See Chapter III.) The pits are generally 4 ft. in 
width and belled out at the bottom as required to carry the load¬ 
ings at a unit load of 4 tons per square foot. Keying and dowelling 
provides continuity of support. Pockets were left in all underpin¬ 
ning sections for the insertion of hydraulic jacks to adjust the level 
of the walls in case of excessive inequality of settlement. 

The shoring consisted mainly of steel towers to support the load¬ 
ings of third story and roof, including the concentrated loads of the 
heavy trusses installed in the alteration of 1927. These truss loads, 
carried on the already overloaded interior walls, had increased the 
settlements and caused crumbling of the masonry. The shoring 
towers were, in each case, carried to below the new sub-grade, and 
the shoring system included provision for the necessary reinforce¬ 
ments of the trusses themselves. Temporary horizontal steel beams, 
designed for both tension and compression, were placed from wall 
to wall to provide lateral stability. 

The excavation of the new cellar and mezzanine included about 
10,000 cubic yards and was carried in general to about 20 ft. below 
grade. It was accomplished, along with the removal of a consider¬ 
able amount of debris from the demolition of the interior walls 
and floors, by means of hydraulically operated front-end loaders 
mounted on caterpillars. These machines loaded directly into small 
trucks which entered the cellar through gaps left in the under¬ 
pinning. 

The new foundations consisted of reinforced concrete pads de¬ 
signed at 4 tons per square foot, the same unit load as used in the 
case of the underpinning. As this book goes to press, the general 
excavation has been completed, and the new foundations are in 
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process of installation. In a few weeks, Spencer, White & Prentis’ 
part of the operation will have been substantially completed, noth¬ 
ing remaining but the removal of the shoring after the transfer of 
the third floor and roof loads to the new steel. 

The remainder of the renovation is in the competent hands of 
John McShain, Inc., of Philadelphia, the company that built the 
Jefferson Memorial and so many other monumental structures in 
Washington. All the historic rooms will be restored, and in addi¬ 
tion the President s family will have a comfortable modern apart¬ 
ment on the second floor. The third floor, which in the past has 
been little more than an attic, will be made over into guest rooms 
for the accommodation of visiting dignitaries. 

Completion of the entire operation is scheduled for late in 1951, 
and the writers concur in the belief of the engineering consultants 
that the life of the structure will be extended for centuries to come. 
That this monument to thirty-two Presidents will live to be a mon¬ 
ument to an even greater number in the future is a tribute to the 
skill and ingenuity of the modern architect and engineer. 
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A. Specifications 
(Including Payments) 


ormerly, the contracts for the construction of subways in New York 
City did not specifically provide for the underpinning of the build- 

!r£ S f a " g th r r ° Ute ] ° f / he railroad > but generally obligated the con- 
n-ac or to safeguard them incidentally along with the excavation. 
This worked only moderately well, for in many cases it led the con- 
ractors to take unreasonable risks in order to save the money that the 
underpinning might cost. This assumption of the risk by the contrac¬ 
tors was difficult for the city to remedy, since the engineer did not have 
t le requisite authority to order the underpinning in doubtful cases, 

ecause no specific payment item for such work was intruded in the 
contract. 

When the second subway system was built, beginning in ion the 
contracts were radically changed in many respects, particularly in re¬ 
gard to underpinning. At this time, the contract for the first time 
contained underpinning items; the payment was usually specified at 
so many dollars per front foot of building facing the subway route, 
with different items for structures above a certain number of stories, 
usually six. This gave the engineer the necessary authority to order 
underpinning when necessary. 

It was also attempted in these contracts to differentiate between un¬ 
derpinning and maintenance; by maintenance was meant an incom¬ 
plete underpinning or the protection of the fronts of buildings by 
means of cut-off or retaining walls constructed with or in advance of 
the excavation. This differentiation was a difficult one, because a con¬ 
tractor might want to maintain the building while the engineer might 
want it underpinned—or vice versa—and, of course, at different prices. 

1 his led to many acrimonious discussions, so that later contracts, dur- 
Th.mn COnStr t Uctlo . n of ^ third subway system in 1925-30, contained 
V “P u Un V for each building or group of buildings likely to be 
affected by the excavation, the contractor bidding a price including all 
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the necessary work to protect the buildings regardless of the method 
pursued. This has worked out very well. 

At the present time subway contracts here in New York almost uni¬ 
formly provide an item in the contract for each particular building 
along the line of the subway excavation. Of course, this method, too, 
has its defects from the city s point of view. Having a specific item in 
the contract to underpin any particular building, should it develop in 
the field that, because of the nature of the ground, such underpinning 
is unnecessary, it nevertheless becomes very hard to eliminate pay¬ 
ment under the item. This is not only because the contractor has 
a contract to underpin the building, which for a consideration he 
might be willing to forego, but because the engineer has no legal means 
of then relieving the contractor from his responsibility for the safety 
of the building, even if the city orders the underpinning eliminated. 
1 his has frequently led the contractors to underpin buildings in de¬ 
fiance of the orders of the engineer and they have always recovered 
their payments under the contract. There is, of course, on the part of 
the courts a leaning towards the side of safety. 

The following are excerpts from the specifications of one of the 
present standard subway contracts, as issued by the Board of Trans¬ 
portation on behalf of the City of New York: 

SUBDIVISION 9 
BUILDINGS 

Maintenance, Support and Restoration of Buildings 

92. Methods, (a) The Contractor shall make use of such methods of work 
as are best adapted to preserve the safety and stability of foundations, walls, 
and other parts of buildings and structures and to prevent any disturbance or 
damage thereto, and he shall make good any damage which may in the course 
of construction be done to any such foundations, walls, or other parts of build¬ 
ings or structures. 

(b) Underpinning shall be done before the excavation for the Railroad or 
sewers is carried to such a depth or width as might cause any disturbance to 
the soil supporting the buildings or structures. 

(c) "1 lie Contractor may in certain cases, but only with the approval of the 
Engineer, construct retaining walls in lieu of underpinning, provided the 
safety of the completed Railroad structure, as determined by the Engineer, 
will not be endangered by improper pressures resulting from the construction 
of such retaining walls. The use of sheeting and steel sheet piling which, in 
the opinion of the Engineer, is necessary to secure the sides of the excavation 
for the Railroad and sewers, will not be permitted in lieu of underpinning of 
buildings. 

(d) Whenever the Railroad passes so close to private property as to pro¬ 
hibit the use of sheeting method without encroaching upon the said private 
property, the Contractor shall construct a continuous concrete retaining wall 
in underpinning the buildings, such wall to be carried to such depth as may be 
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necessary for underpinning purposes and to act in connection with the trench 
bracing to provide lateral support in lieu of sheeting. Payment for such con¬ 
crete retaining walls will be deemed to be included in the lump sum prices 
for underpinning the buildings under which said concrete retaining walls are 
constructed and no allowance therefor will be made under any other Item or 
otherwise. 

94. Underpinning Defined. By underpinning is meant such method of con¬ 
struction as will transmit the foundation load directly through the under¬ 
pinning structure to such lower level as is necessary to secure the buildings 
and which will relieve the adjacent ground and Railroad structure from undue 
lateral pressures. The underpinning shall be designed to furnish a safe and 
permanent independent support for each building or structure. To accom¬ 
plish this result, the Contractor shall use such methods of underpinning, pneu¬ 
matic or otherwise, as special conditions may require and the Engineer shall 
approve. 

95. Damage to be Made Good. Any damage done by the Contractor due to 
negligence or carelessness in performing the work included in this Subdivision, 
shall be made good by the Contractor at his own expense. 

96. Approval of Drawings. At least ten days before proceeding with the 
work, the Contractor shall submit to the Engineer, for his approval, drawings 
in triplicate for each and every building indicating the proposed typical and 
special methods of underpinning or other form of permanent construction 
in lieu thereof. 

97. New Buildings. If new buildings are erected along the route of the 
Railroad after the date of submitting proposals for the work by the Contrac¬ 
tor, the Contractor shall underpin, if necessary, said new buildings. 

100. Permits. The Contractor shall secure all permits and consents neces¬ 
sary or requisite for underpinning buildings and for the reconstruction thereof. 
Applications for consents to enter buildings for the purpose of underpinning 
shall state that underpinning is necessary to maintain and support the building 
in a safe condition during construction of the Railroad. One counterpart of 
each such consent, duly signed and acknowledged by the owner or one of the 
owners, executors or administrators for himself and for his agents, lessees and 
any other persons who shall have a vested or contingent interest in the build¬ 
ing, or notice of refusal if consent is not obtained, shall be filed in the office of 
the Engineer at least 10 days prior to the commencement of any work which 
would affect the building. The cost of such permits and consents is deemed to 
be included in the prices stipulated in the classified items of the Schedule. 
(See Section 15.) 


PAYMENTS 

101. Payment for Buildings Enumerated, (a) For maintaining, protecting, 
securing, and, if necessary, safely and permanently underpinning the build¬ 
ings enumerated in Section 93, or, if and when approved by the Engineer, for 
constructing retaining walls in lieu thereof, payment will be made at the 
prices stipulated in Item 227, which prices shall be deemed to include payment 
for all work, labor and material of whatever nature required in connection 
with maintaining, protecting, securing and supporting the buildings, and, if 
necessary, safely and permanently underpinning or constructing retaining 
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walls in lieu thereof, including the side walls, both interior and along trans¬ 
verse streets, partition walls wherever located, exterior and interior columns, 
fire escapes, signs on buildings and any restoration or other work which may 
be required and no allowance will be made therefor under any other Item or 
otherwise. (See Sec. 173.) 

(b) The prices stipulated in Item 227 are not to include payment for main¬ 
taining, protecting, securing, restoring and, if necessary, underpinning any 
buildings or structures not enumerated in Sec. 93, vaults, areaways, retaining 
walls, railings, fences, fence walls, oil tanks and their service pipes, gasoline 
tanks and pumps, lunch wagons, signs, stoops, steps or porches along the line 
of and in the vicinity of the Railroad and sewers whether such structures are 
within or without or partly within and partly without the net lines of excava¬ 
tion for the Railroad structure, but payment for such work, when necessary, 
will be deemed to be included in the price stipulated in the Schedule for 
excavation, except as provided in this Section and in Section 172. If, how¬ 
ever, additional supports (not underpinning) are ordered to permanently 
support the stoops, steps or porches over the roof of the Railroad, payment for 
such additional supports will be made at the prices stipulated in the Schedule 
applicable thereto. 

(c) In cases where the property adjacent to the Railroad and sewers is va¬ 
cant, but it is required to maintain, protect and secure and, if necessary, under¬ 
pin vaults, areaways, retaining walls, railings, signs, fences, fence walls, gaso¬ 
line tanks and pumps, lunch wagons, stoops or porches in front of or on such 
vacant property, payment for such work shall be deemed to be included in the 
price stipulated in the Schedule for excavation. 

(d) If new buildings are erected along the route of the Railroad and sewers 
after the date of submitting proposals for the work by the Contractor, the 
underpinning, if necessary, of said new buildings will be paid for under Item 
150. 

(e) Subject to the other provisions of this contract, partial payments not 
exceeding 95 per cent of the price stipulated in Item 227 will be made for each 
building actually underpinned as herein defined (or retaining walls con¬ 
structed in lieu thereof). The remainder will be paid upon the substantial 
completion of the work, as provided in Article XXXIII (b) of this contract. 
No payment under Item 227 for any building not actually underpinned as 
herein defined (or retaining walls constructed in lieu thereof) will be made 
until substantial completion of the work as provided in Article XXXIII (b) 
of this contract. 




B. Legal Aspects of Underpinning 
and Foundation Work 


In underpinning and foundation work, as in all construction work, 
familiarity with the legal questions involved is of the utmost impor¬ 
tance to the owner, the engineer, and the contractor. Such knowledge 
not only acquaints them with the legal effect of their conduct, but is 
even more helpful in guiding them so to design and conduct their work 
as to avoid legal entanglements and lawsuits. It also makes them con¬ 
scious of the necessity for procuring timely legal advice. 

A ? a «empt will be made here to set forth briefly the law, as it applies 
to this field of construction. The legal problems presented are con- 
cerned with the common law of real property and of contracts. In 
addition, there are in some states statutes which in some particulars 
change or modify this law. Only civil liability for which the offending 
party is ordinarily held to respond in money damages will be con¬ 
sidered, and this in a manner not comprehensive, but merely as an 
exposition for the layman. 

After consultation with the authors, the following statement of legal 
principles has been prepared by Maurice Iserman, Esq., 1 of the New 
York bar. 


I. COMMON LAW 

The basis of American jurisprudence is the English common law, 
rought over by the colonists. There are traces also of other legal sys¬ 
tems. For example, in Louisiana the legal system is based upon French 
civil law, in California there is still a remnant of Spanish law, while 
certain procedural rules remain in Texas from the system of an earlier 
day .hi all these states, however, the impress of the English common 
law has been felt. 

The common law may be said to be the law of precedent and judi¬ 
cial decision. It had no origin in any prepared code or system of laws, 
ine early English courts passed on cases as they arose and rendered 

1 Member of the firm of Spencer and Iserman, Attorneys, New York City. 
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decisions upon the circumstances presented. It may be safely stated 
that the early decisions were based upon ideas of natural justice, reason, 
and common sense, as well as general usages and customs. Gradually 
there grew up in the courts a respect for the authority of prior decisions 
and these were used as precedents in deciding new cases. There were 
thus developed certain fundamental principles which form the basis of 
Anglo-American law. This legal system was by virtue of its very origin 
quite flexible and adapted itself to the problems and needs presented 
by changing times and of economic and industrial development and 
progress. In the event of new situations, common-law principles were 
applied by analogy. If none were so available, the same principles that 
formed the basis of the common law itself were consulted in coming to 
a determination. 

The common law recognized two kinds of liability—civil and crimi¬ 
nal. On the civil side, redress could be had by award of money damages 
to compensate for wrongs committed, or by injunctive relief invoked 
to prevent a continuing or a threatened wrong. The field of the crimi¬ 
nal law will not be touched upon, except to remark that criminal 
liability is usually accompanied by criminal intent or malice. Gener¬ 
ally speaking, for the invasion of such rights as will be hereafter dis¬ 
cussed there is no criminal responsibility, except that for reckless 
disregard criminal liability may result. 

The Doctrine of Lateral Support 

At common law a landowner owes to an adjoining owner the duty 
of lateral support of the adjoining land in its natural state, i.e., the 
duty not to use his own land so as to disturb the adjoining land in its 
natural state . Should an owner's land collapse as a result of excavation 
of adjoining property, the adjoining owner must answer at law in 
damages. Artificial supports may be substituted, however, for the soil 
so removed, to prevent such collapse and thus avoid damage. 

This is an ancient rule and may be considered as a qualification of 
the general principle that a proprietor has absolute dominion of his 
own land, not only of the soil, but of the space above and below the 
surface. This rule is generally applicable throughout the United States. 

Case: A and B are adjoining owners of unimproved land. A for 
some purpose of his own excavates on his land near the boundary line 
and as a result part of B’s soil collapses. A must answer in damages 
to B for the withdrawal of the natural support of B’s land. 

Nature of Lateral Support 

The doctrine of lateral support is usually referred to as applying to 
the case of land in its natural state. The statement is ordinarily made 
that if land in its natural state is disturbed, a recovery may be had. 
What is meant by “land” in its natural state is not an easy matter to 
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determine. Suppose an owner excavates his land down to a subsoil of 
quicksand or silt and removes such subsoil from his own land. As a 
result the subsoil of quicksand or silt on adjoining land “flows” into 
the excavation and causes the adjoining land to collapse. The same 
liability is held to attach in such an instance as in the case of ordinary 
soil, for there has been a disturbance of the adjoining “land” in its 
natural state The same situation would arise, no matter what type of 
subsoil is excavated, should the subsoil on adjoining land, similar to 
quicksand or silt, “flow” into the excavation. 

A different rule is applied, however, in the case of the draining off 
of subsurface or ground water. In such a case, for a resulting collapse 
or compression of adjoining land, no recovery is allowed, since there is 
no disturbance of “land” in its natural state. 

It may be added, that but a few courts have passed on this type of 
case, and that judges are not in agreement on the distinction between 
underground waters and subsoil that “flows.” 

Case: (1) A and B are adjoining landowners and B’s land has a 
subsoil of quicksand or silt. A excavates on his land and as a result 
B’s subsoil of quicksand or silt “flows” into A’s excavation and B’s land 
collapses. A must answer in damages to B for the withdrawal of the 
natural support of B’s land. 

(2) A and B are adjoining landowners. A excavates on his land and 
as a result subsurface or ground water on B’s land is drained off into 
A’s excavation and B’s land collapses. A is not liable to B for such 
resulting damage. 

Support of Adjoining Buildings or Other Structures 

The construction of a building or other improvement on land in¬ 
creases the burden on surrounding land. There is, however, at com¬ 
mon law, no restriction upon construction, unless it constitutes a 
nuisance, although the weight of the structure places a greater burden 
on adjoining land. 

An interesting problem arises when an owner excavates on his own 
land and as a result the adjoining land collapses and a building pre¬ 
viously erected on the adjoining land is injured. Of course, if the 
adjoining land would have fallen and the weight of the building did 
not contribute to its collapse, the old rule heretofore mentioned would 
a pply and the excavating owner would have to answer in damages for 
the removal of support of the land in its natural state. 

If the land fell, however, because of the increased weight imposed 
by the building, then there is generally in the United States no re¬ 
covery for damage to the land. In such a case, since there is no recovery 
for damage to the land, there is no recovery for damage to the building. 
If the land would have fallen without the weight of the building, and 
a recovery can be had for damage to the land, the question arises 
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whether damages can also be awarded for the injuries to the building. 
Upon this question there are divergent views. 

The prevailing view in the United States is that an owner, by erecting 
a building, cannot enlarge the liability of an adjoining owner, which 
originally was merely to support the former’s land in its natural state. 
The owner building the structure is held to have taken the chance that 
subsequent excavation on adjoining land will not affect the building. 
It is pointed out that the effect of such excavation should be foreseen 
and precautions taken to avoid damage to the structure, such as build¬ 
ing farther away from the boundary line or digging sufficiently deep 
foundations. 

The English view, which appears also to be the law in a few states, 
is that if an excavation causes the fall of adjoining soil, which would 
have collapsed if there had been no building upon it, the damages 
recovered can include injuries to the building. This rule, while it may 
be beneficial and encouraging to the improvement of land, gives an 
undue advantage to those who undertake initial construction. 

Case: A and B are adjoining landowners. A’s land is unimproved 
and B’s land has a building upon it. A excavates on his land near the 
boundary line and B’s soil collapses and the building is injured. 

(1) If B’s soil would not have fallen but for the weight of the build¬ 
ing, A is neither liable for damages to B’s land nor for damages to B’s 
building. 

(2) If B's soil would have fallen had there been no building upon it, 
A must answer in damages to B for the interference with the natural 
support of B’s land. In such event, there is a divergence of authority 
on the question of resulting damages to the building. The generally 
prevailing rule is that there can be no such recovery. This is the law 
in New York, Massachusetts, Pennsylvania, Michigan, California, New 
Jersey, and other states. The minority view is that such damages can 
be recovered, and this is the law in England, Virginia, and Washington. 

II. STATUTE LAW 

Within constitutional limits, legislatures enact statutes from time 
to time which provide statute law , as distinguished from the common 
law. If a statute refers to a situation previously passed upon by the 
courts, and the statute differs from the common law in its application, 
the common law rule is thereby abrogated and superseded. Frequently 
such statutes are necessary when courts insist upon too strict adherence 
to common-law rules which have outlived their purpose or usefulness. 
In the absence of statute, the common-law rules govern a given situa¬ 
tion. In statutory construction and interpretation, however, common- 
law principles frequently play a very important part. 

The subject of lateral support, with particular reference to the 
protection of adjoining foundations and structures, has been the sub- 
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ject of legislation in a number of states. In some instances, state legisla¬ 
tures have prescribed the observance of certain conditions preliminary 
to the commencement of a building operation or have defined the rights 
of adjoining owners in the event of excavation, while in others it has 
been left for regulations and liabilities to be provided and defined by 
local legislation, usually in the form of building codes or ordinances. 
Knowledge of the provisions of these statutes and codes is imperative 
efore the undertaking of a building operation, particularly one in¬ 
volving excavation. Before commencing an operation the engineer and 
contractor should acquaint themselves with all state and local regula¬ 
tions, provisions, and ordinances, and should make sure that in the 
conduct of their work they comply strictly with all the necessary con¬ 
ditions and requirements. Such preliminary precautions will often 
prevent the incurring of substantial liability by contractors. 

These provisions are of varying types, some of which are here given: 
’• Provisions which enlarge the common-law right of support and ex¬ 
tend the same to include bulidings by compelling persons causing 

land™ 110118 t0 bC made t0 preserve and P rotect structures on adjoining 

An illustration of this is the rule in New York City under Section 
0.2.3.i the Building Code, which reads as follows: 


Whenever an excavation is carried to a depth of more than ten feet below the 
curb, the person who causes such excavation to be made shall, if afforded the 
license necessary to enter the adjoining premises, at all times and at his own 
expense, preserve and protect from injury any structure the safety of which 
may be affected by such part of the excavation as extends more than ten feet 
elow die curb, and such person shall support the adjoining structure by 
P roper foundations, whether or not such structure is more than ten feet below 
the curb. If the necessary license is not afforded to the person causing the 
excavation to be made, it shall be the duty of the owner who fails to afford 
such license to make the structure safe, and to support such structure by proper 
foundations and such owner shall, if it is necessary for such purpose, be 

afforded the license necessary to enter the premises where such excavation is 
to be made. 


, V e r r , e ,° f the New York Cit y provision is that the right created 
py the Building Code is conditional upon the adjoining owner’s grant¬ 
ing a license to enter upon his premises. If the adjoining owner does 
not accord the necessary license, then the duty to make the structure 
sate and to support it by proper foundations is his own. 

2. Provisions which enlarge the common-law right of support and 
grant to owners of structures on lands adjoining excavations the right 
to recover the expense of supporting such structures and protecting 
them against the effect of such excavations. 

3. Provisions which do not enlarge the common-law right of support 
but merely make obligatory the giving of notice to an adjoining owner 









35 ° 


Legal Aspects 

of an intended excavation, and which impose liability for all resulting 
damage only in the event that such notice is not given. 

In New York City, subway construction is authorized by the Rapid 
Transit Act, a state statute. This enactment has been held to create 
a new right to lateral support and the right to protection against physi¬ 
cal injuries to buildings on land abutting subway excavations. This 
new right entitles an abutting owner to damages for interference with 
such support through the proper construction of the subway, and it is 
not dependent in any way upon negligence. Such propositions were, 
of course, unheard of at common law, and indicate the necessity for 
progressive legislation to meet the needs of modern times. 

It is interesting to note that in Chicago, a great metropolis with 
numerous large and heavy structures, there is no statutory provision 
such as above indicated, nor is there any local legislation or ordinance 
governing the situation. There is thus no liability for damage to 
buildings due to excavation on adjoining property. In other words, 
the common-law rule already mentioned obtains. Owners are therefore 
put to the necessity of running their foundations down to rock or hard- 
pan, for then their buildings will not be affected by adjoining excava¬ 
tions. 

III. NEGLIGENCE AND LIABILITY AS TO ADJOINING PREMISES 

The right of lateral support is a property right and is absolute. It 
is in no way dependent upon negligence. If it is invaded and damage 
results there is liability, although the neighboring excavation is con¬ 
ducted in the most efficient and approved manner. Since the right in¬ 
volves the natural support of land, the excavating owner is personally 
liable for such damage. An owner cannot escape this liability by dele¬ 
gating the excavation work to a contractor, and if the contractor ex¬ 
cavates and such damage results , the contractor is an active wrongdoer 
and he , too, is liable. 

A different question is presented when the contractor is negligent and 
the conduct and control of the operation are left entirely to him. In 
such a case, the contractor is considered as an independent contractor. 
And the law is that if an independent contractor is negligent he alone 
is liable for resulting damage, and the owner, who personally did not 
perform, nor direct the performance of, any negligent act, is not liable 
—that is for damage which would not have occurred had the operation 
been undertaken in a careful and prudent manner. 

The distinction is well established between the cases in which, when work is 
being done under a contract, an injury is caused by negligence in a matter 
collateral to the contract and those in which the thing contracted to be done 
causes the mischief. In the former class of cases the employer is not liable 
for the injury but in the latter he is. 





Legal Aspects 

The independent contractor need not personally perform the negli¬ 
gent act, but he is responsible if his employees or servants are negligent, 
for he is their employer and directs and controls them in their work 
and they follow his instructions. 

Since it is the law that one is liable for damages resulting from his 
negligent acts, if a contractor negligently conducts an excavation and 
as a result buildings on adjoining property are damaged, recovery may 
be had against the contractor for such injuries, as well as for damages 
to the land. If the work is done negligently and the contractor is not 
an independent contractor, then the owner may also be held respon¬ 
sible for all resulting damage. 

Negligence has been defined by the United States Supreme Court, as 
follows: 

Negligence is the failure to do what a reasonable and prudent person would 
ordinarily have done under the circumstances of the situation, or doing what 
such a person under the existing circumstances would not have done. The 
essence of the fault may lie in omission (nonfeasance) or commission (mis¬ 
feasance or malfeasance). The duty is dictated and measured by the exigencies 
of the occasion. 

Notice 

It has been generally held that an owner, about to endanger the 
building of his neighbor by improving his own land, is bound to give 
the adjoining owner notice of the intended improvement. This gives 
the adjoining owner the opportunity to take timely steps to protect the 
foundations of his building, so that the building shall not be injured, 
for which under certain circumstances the common law provides no 
remedy. The giving of such notice is not absolutely obligatory, but 
failure to give the notice is usually regarded as evidence of negligence, 
and in some cases as sufficient to support a finding of negligence. This 
negligence is usually the owner's in the first instance, and he cannot 
escape the charge of negligence by asserting that the work was done 
by an independent contractor. The contractor , however , should always 
make sure that such notice is given, since he, too, is chargeable for 
negligent conduct. Oftentimes the adjoining owner employs the same 
contractor to shore or underpin his building, since he is on the site and 
familiar with the circumstances and conditions. 

Blasting 

The general rule is that for damages due to concussion or vibration 
resulting from blasting, there is no liability. Of course, if there is negli¬ 
gence in the conduct of the blasting work, there is liability for resulting 
damage. Such negligence is usually a question of fact and depends 
upon the circumstances of each case. Here again, if the blasting con- 
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tractor is an independent contractor, he alone is liable and not the 
owner, nor even the general contractor. 

IV. IN CONTRACT OBLIGATIONS 

Underpinning and foundation work is usually undertaken under 
contract, except in the rare instance when an owner builds a structure 
himself. The contracts entered into usually vary in their details accord¬ 
ing to the circumstances of each case, and so also, the obligations the 
contractor assumes, affecting the performance of the work, payments, 
and possible warranties. There are, however, four general types of con¬ 
tract: 

1. Lamp sum .— Where the contractor agrees to perform a described 
piece of work for a fixed sum. 

2. Unit price. —Where the owner or employer agrees to pay the 
contractor at various unit prices, as, for example, so much per cubic 
yard for excavation, so much per cubic yard for concrete in place, or 
so much per lineal foot of underpinning pile. 

3 - Cost-plus or force-account. —Where the contractor is paid by 
the owner or employer for the cost of the work to the contractor, plus 
a percentage or a fixed fee for the contractor's services and profit. 

4. Agency. —Where the contractor for a fixed fee or a percentage 
acts as the owner’s agent in charge of the work, but where the owner 
is primarily responsible for all payments for labor and materials. 

Obligations of the Contractor as Regards the Owner 

The general rule is that a contractor is entitled to payment in full 
only upon proper and complete performance of his contract work. Im¬ 
proper or defective performance is not performance. A contactor is 
bound to perform in a proper and workmanlike manner. If he fails 
to perform, he may be sued for resulting damage to the owner, or a 
deduction therefor may be made from the moneys agreed to be paid 
for his work. 

One has to be only slightly familiar with building operations, to 
know that a building contract cannot always be performed and carried 
out to the letter. Omissions and deviations, perhaps slight, always creep 
in. As a result, there has been developed the doctrine of substantial 
performance. Under this rule, a contractor's right to recover for the 
performance of a building contract cannot be defeated by the claim 
that he has not fully and completely performed. If a contractor can 
show that he has substantially performed, and that whatever omissions 
or deviations have occurred were slight and unintentional or inadvert¬ 
ent and do not result in impairment of the structure, he is usually 
allowed a recovery, less a deduction, however, for the rectification of the 
defects, or the difference in value between what he supplied and what 
he should have supplied. 
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Where a contract provides that the contractor shall perform his work 
in accordance with the plans and specifications which have been pre¬ 
pared by the owner’s own architect or engineer, and the contractor 
follows the plans and specifications and the resulting work is defective, 
this result cannot be attributed to the contractor. In such a situation, 
the contractor has no discretion and if he carefully pursues the work 
and on account of defective or poorly drawn plans and specifications 
there is a defective result, he is entitled to a full recovery. The con¬ 
tractor does not guarantee the efficiency of the plans and specifications. 

On the other hand, if the owner leaves the contractor to perform in 
any manner he may elect and the contractor agrees to produce a certain 
result, unless the contractor substantially produces such result, he has 
not performed and cannot recover. 

Indemnity Provisions 

A method popularly employed by owners and general contractors to 
escape whatever liability is imposed upon them by law, is to stipulate 
in their contracts for an indemnity by the contractor, that the con¬ 
tractor shall be liable for all damages resulting from his work. Such a 
provision, of course, indemnifies the owner or general contractor against 
any liability the law imposes, and merely adds to the burden usually 
imposed upon the contractor. 

Public contracts usually contain such an indemnity provision. Some 
go even further, as, for example, subway contracts in New York City, 
which contain a provision that the contractor, in addition to indemni¬ 
fying the city against all claims for damages, shall also be liable to 
owners of abutting property for all physical injuries thereto, even in 
cases where such owners have no legal claim against the city for such 
injuries. 

v. CONCLUSION 

The burden of the contractor and engineer is very great, and they 
should proceed with the utmost care in the prosecution of their work. 
They should, before entering into a contract, understand the legal situ¬ 
ations applicable to the locality and to the type of work to be done. 
Otherwise they should unhesitatingly seek legal advice. This prelimi¬ 
nary investigation sometimes saves losses, and prevents unforeseen diffi¬ 
culties and unexpected liabilities. The contract provisions should then 
be very closely scrutinized to see in what manner duties are imposed, 
which vary or enlarge the common-law or statutory duties of the con¬ 
tractor and engineer. Perhaps the most important caution to be heeded 
is to make as certain as circumstances permit that the method of con¬ 
ducting the undertaking is the most approved and efficient, and that 
the work should be prosecuted with the utmost care and diligence. 










C. Rates of Pay 


It may be interesting to note that the wages paid in New York in the 
building trades are generally higher than elsewhere in the United States 
for similar work. On underpinning work the following rates in the 
building trades are paid: 


Per 8-Hour Day 
1931 1949 

Skilled journeymen $13.20 $22.00 

Hoisting engineers and foremen 14.50 25.00 

Burners and pipe fitters 13.20 20.00 

Common laborers 8.25 13.60 


Although there is no such distinction at the present time, in 1931 on 
the subway or public works the rates were generally lower, as follows: 

Per 8-Hour Day 

Skilled journeymen $13.20 

Hoisting engineers and foremen 14.50 

Burners and pipe fitters $8.00 to 10.00 

Laborers $4.00 to 5.00 


These 1931 rates were very much greater than those of 1914, when on 
the public works in New York City the skilled journeymen received 
$2.25 per day and the common laborer $1.65. 
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Glossary of Terms Used in 
Underpinning 


Accumulator. A machine used to maintain constant hydraulic pressure 
in a power-operated system for jacking. Essentially, a set of differ¬ 
ential pistons with hydraulic pressure on the smaller, and compressed 
air on the other, together with a compressed-air reservoir and switches 
which are operated by the moving piston to start and stop the hy¬ 
draulic pump. r 7 

Berm. A bank of earth. 

Billet. A steel slab for distributing a load (such as a column load) to 
a grillage or footing. 1 

Boil. A run of wet material, usually quicksand, on the bottom of an 
excavated hole or under the sheeting of an excavation, or under the 
tting edge of a caisson, due to greater water pressure on the out- 
only 311 on the inside. An ordinary spring is a boil carrying water 

Booster. A small air compressor to maintain automatically the air 
pressure in the air end of compressed air hydraulic accumulators. 
Brace. A strut or pusher, usually horizontal, though sometimes in¬ 
clined, of timber or steel, acting in compression to hold earth mate- 
rial or a structure against lateral movement. 

mass of com P ressed material under a footing. 

( ee Chapter VII for a complete description.) 

u!l s liver. A water-bearing mixture of sand and red clay found in 
ower Manhattan Island and elsewhere. It quakes when stepped on 
and is subject to mass movements. 

BU fnrh° in t A P °J med u Sted hand drill > used with a striking hammer 
tor breaking off small quantities of rock or masonry. 

Burn. To cut off with an oxy-hydrogen or oxy-acetylene flame. 

U ace 1 tyfen t e 1 flame EqUiPment bUrning with ox y- h y d rogen or oxy- 

CaiSS r °". r atC f rdgh ^ b ° X USUall y of wood or steel sheeting, sometimes 
a cylinder of steel or concrete, used for the purpose of making an 
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excavation. Caissons may be either open (that is open to the free 
air) or pneumatic (that is, under compressed air). 

Cant. To turn over; to tilt. 

Cant hook. A lever or hook for turning over timbers. 

Clay. Heavy, compact, cohesive soil which is stiff and smooth to the 
touch when wet, and hard when dry. Clay can be drained only very 
slowly, and is subject to slow, continuous movement (compression) 
under load. See also page 322. 

Cut. An excavation, usually a trench. 

Cylinders. Steel tubes, usually from 10 inches to 60 inches in diameter 
and from i/ s inch to one inch in wall thickness. Ten-inch to 24-inch 
cylinders are usually lap-welded or butt-welded steel pipe in lengths 
up to 22 feet. Larger cylinders are usually riveted or electrically 
welded and seldom exceed 8 feet in length. 

Distributing beams. Steel structural beams installed parallel to a line 
of columns to distribute the load to runner beams. They are used 
in connection with moving a structure at an angle to its principal 
axis. 

Drift. (Noun) A short tunnel. (Verb) To drive a tunnel a short dis¬ 
tance. 

Dry-pack. To fill with concrete by ramming in a damp concrete mix¬ 
ture, usually by means of a piece of timber and a striking hammer. 

Earth auger. A tool for boring holes in the earth, such as post holes, 
used in underpinning for removing earth from an underpinning 
cylinder. 

Filler plate. A steel plate or shim used for filling in space between com¬ 
pression members. 

Foot block. A mat of timbers, steel, or concrete, to spread the load of 
a post or shore on the supporting soil. 

Footing. The lowest element of a foundation—that part which bears 
on the soil. 

Grillage. Horizontal members, usually of steel, for spreading the load 
of a structure over its footing, or underpinning. 

Grout. A mixture of cement and water; or of cement, sand, and water; 
or the same, after setting. 

Hardpan. A compact, cemented mass of clay with sand, gravel or boul¬ 
ders or any two or all of them, usually of glacial origin. The term 
is rather loosely used but always implies a very dense material, diffi¬ 
cult to excavate without picks or the equivalent. 

Head. Potential force or pressure of water, due to difference of ele¬ 
vation. 

Header. A manifold, or pipe, with branches. 

Horsehead. A light framework (or headframe) used over a pit for 
supporting a pulley block for use in hoisting and lowering men and 
materials. 
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Hydraulic. Referring to liquid (usually water) under high pressure, 
for instance 500 to 8,000 pounds per square inch. 

Hydraulic fittings. Extra-heavy pipe fittings, such as tees, valves, etc., 
built to withstand the heavy pressures used in hydraulic jacking! 

Hydraulic jack. A hydraulic cylinder and piston used to raise weights, 
to force piles, cylinders and the like, into the ground; or to pretest 
piles, footings, braces, shores, etc. (see Pretest). The jack may be 
operated by a separate hydraulic pump, or the jack and pump may 
be built as one unit. 

Hydraulic screw jack. A hydraulic jack with a ram threaded with a 
coarse square-shouldered thread. A safety collar with a female thread 
is placed on the ram and can be screwed down against the cylinder 
of the jack to lock the ram in place. 

Inter-pile sheeting. Horizontal sheathing, usually of wood, installed 
horizontally between underpinning piles and supported by the piles. 

Inter-pit sheeting. The same as inter-pile sheeting but between con¬ 
creted underpinning pits. 

Jack. See hydraulic jack. 

Jacking dice. Blocks, usually of 5-inch steel pipe filled with concrete, 
used for temporary fillers during jacking operations. 

Jacking plate. A steel plate which is placed on top of a pile during the 
jacking, to transmit the load of the jack to the pile. 

Jackknife. To double up or fold together, like a pocket knife when 
closed. 

Jet. A pipe end or nozzle from which water (or water and compressed 
air) is emitted under pressure. Also the water (or water and air) 
emitted from the nozzle. As a verb, it means the process of using 
such a jet to loosen the ground to facilitate the driving of a pile, 
or to loosen and suspend the material in an underpinning pile so 
that it can be removed by pumping. 

Lateral movement. Horizontal movement of a structure, earth, sheet¬ 
ing, or bracing. 

Lateral pressure. The horizontal component of the force due to a 
wedge of earth (and surcharge, if any) moving or tending to move 
downward along its natural cleavage plane. 

Line drilling. The drilling of a series of holes in rock along the line to 
which it is to be excavated. The holes are usually drilled about 
4 inches apart, center to center, after which the rock is blasted off 
with light shots or broken off with plugs and feathers. 

Lost ground. Material which runs into an excavation under or through 
the sheeting, or as a boil in the bottom; or material outside the 
sheeting which moves downward as a result of the run or boil, or 
because of voids left behind the sheeting when it was placed, or be¬ 
cause of movement of the sheeting. 

Louvre. Horizontal openings in or between pieces of horizontal sheet- 
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ing for the purpose of filling any voids which may occur behind the 
sheeting. 

Mat. A footing (or grillage) of timber, steel, or concrete, to support a 
post, shore, or needle. 

Muck. Excavated material or material to be excavated. 

Mucking tools. Earth auger, small orange-peel bucket, jet, etc., used 
for excavating underpinning cylinders too small to be entered and 
dug out by men. 

Neat cement. Portland cement alone, that is, without sand. 

Needle. A horizontal beam or group of beams for carrying the load of 
a column, wall, or other part of a structure, usually while it is being 
underpinned. 

Net line (or neat line). The limit within which no material may be 
left in an excavation. It refers to the sides, not to the bottom or sub¬ 
grade of an excavation. 

Niggerhead. A winch head or drum on a hoist around which a line can 
be placed by hand, and the hoisting done by pulling by hand on the 
line to give it a friction grip on the drum. Also, a small round 
boulder. 

Orange-peel. A type of self-opening and closing bucket in the shape 
of a half orange peel cut into segments, used on a cable to excavate 
earth from an underpinning cylinder or elsewhere. 

Pile. A column of wood or steel and concrete, usually less than 24 
inches in diameter, driven or jacked into the ground to support a 
load. In underpinning, piles are practically always composed of steel 
cylinders from 12 inches to 24 inches in diameter, filled with concrete. 

Pile cap. A slab, usually of reinforced concrete, covering the tops of a 
group of piles for the purpose of tying them together and transmit¬ 
ting to them as a group the load of the structure which they are to 
carry. Also a metal plate often placed on top of steel piles to dis¬ 
tribute the load to the concrete from the pile. 

Pile foot. The lower extremity of a pile. 

Pile head. The top of a pile. 

Pit. A hole excavated in the ground. In underpinning, a pit is usually 
sheeted horizontally and seldom goes below water lines—practically 
never more than a very few feet below water. 

Pit boards. Horizontal sheeting for retaining the earth about the pit. 
Also called well curbing. 

Pretest. The process of testing with hydraulic jacks the bearing capac¬ 
ity of a pile, footing, brace, shoe, or other unit of a structure, and 
of permanently wedging up its load by the patented pretest method. 
The distinctive feature of the pretest process is that the full test 
pressure is maintained while the wedging is being done, thus holding 
in compression pile, footing, or shore, and the earth on which it 
bears—or, in the case of a horizontal brace, the brace itself and the 
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members against which it pushes. This eliminates subsequent settle¬ 
ment. See also page 118. 

P.s.i. Pounds per square inch. 

Quicksand. Fine sand (frequently with an admixture of clay) and 
water which easily runs and boils. Quicksand has also been defined 
as any granular, water-bearing material which is improperly handled. 

Raker. An inclined shore. 

Ram. To drive into place or to compact, as to compact relatively dry 
concrete with a piece of timber and a striking hammer. 

Rip-rap. Stones or rocks of a size which can be lifted by one or two 
men. 

Roller. A cold-rolled steel shafting, usually 21/2 inches in diameter, 
used to proved positive support with minimum friction between the 
runner beam and track, while moving a structure. 

Run. A flowing of material into an excavation, either under or through 
the sheeting, or into voids left behind sheeting. 

Runner beam. A structural steel beam supporting a distributing or 
needle beam holding a column. These beams carry and tie the col¬ 
umns of a structure together and move over rollers parallel to the 
track. 

Running ground. Either water-bearing sand or very dry sand which 
will not stand up without sheeting. 

Sand. Granular material, the grains being larger than dust and smaller 
than gravel. See also page 323. 

Scab. A short piece of timber spiked or bolted to the side of a larger 
timber, for instance, a 6-inch x 12-inch piece 3 feet long, bolted to a 
12-inch x 12-inch timber. 

Screw jack. A jack for lifting or lowering, operated by a screw. 

Seal. To close off permanently the bottom of a cylinder, caisson, or 
other excavation, usually by pouring in grout or concrete, so that 
water or earth cannot flow in. 

Settlement. Downward movement of a structure, or part of a structure, 
or of underpinning. 

Sheathing (or sheeting). Horizontal or vertical members of wood or 
steel placed in contact with earth, usually on a vertical plane, for the 
purpose of retaining an earth bank in position. 

Shim. A relatively thin piece of steel used as a filler between two sur¬ 
faces such as a footing which has been forced down by pretesting and 
the billet which formerly rested on it. 

Shore. An inclined brace of timber or steel. 

Sleeve. A coupling. For underpinning cylinders, a coupling which is 
essentially a close-fitting internal band with a shoulder on its out¬ 
side which bears against the top and bottom of the cylinders joined. 

Snatch block. A pulley block arranged so that a bight of rope can b§ 
entered. 
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Soldier beam. A structural steel section driven vertically into the 
ground to support a horizontally sheeted earth bank. 

Soft ground. Earth as contrasted to “hard ground” or rock. Usually, 
with depth, soft ground is water-bearing and semifluid. 

Spreader. A brace between two wales. 

Spring needle. A needle (see Needle above). 

Subgrade. The final level to which an excavation (or fill) is to be made. 

Sump. A small depression or excavation in which water is collected for 
pumping. 

Test. To find the bearing capacity of a pile, pier, or footing, usually by 
means of hydraulic jacks. Such tests are not usually made up to the 
full bearing power of the pile or footing, but to some predetermined 
limit, frequently 150 per cent of the maximum load to be ultimately 
carried. 1 

Tongue and groove. Sheeting (usually wood) in which one edge of the 
sheet is cut with a projecting tongue which fits into a corresponding 
groove or recess in the edge of the next sheet. 

Track. Structural steel sections or rails providing a continuous surface 
for rollers to ride over as the structure is being moved ahead. 

Tremie. A method of placing concrete under water. 

Underpinning. The adding of new permanent support to existing 
foundations, either to provide additional capacity or additional 
depth. 

Wale. A beam, either horizontal or vertical, put in contact with sheet¬ 
ing to hold it in place. 

Water level. Same as water table. 

Water table. The surface of the water in the ground. 

Wedge. To tighten up by driving in wedges. In underpinning, proper 
wedging entails a wedging force greater than the load ultimately to 
be carried by the unit of underpinning which is being wedged. In 
the case of heavy structures, this can be accomplished only by pre- 

Wedging plate. A steel plate placed on top of underpinning or under 
a footing, against which wedges are driven to “pick up” the load of 
the structure on the underpinning. 

Well curbing. Horizontal sheeting for retaining the earth about a pit. 
Also called pit boards. r 

Wet ground. Earth which contains enough water to make necessary 
excavation methods which are not necessary in dry ground. 

Winch. A small hoist, usually operated by an electric or a gasoline 
motor. 6 
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Abraham and Straus Department Store, 
233 ff.; preliminary support, ils., 49, 238 
Accumulators, hydraulic, 106, 240, ils., 
107, 108; capacity of, 272 
Adjoining buildings, 179; necessity for 
underpinning, 5 f.; well-point system 
end, 87; pit underpinning near exca¬ 
vation for, 140 ff.; settlement caused by 
excavation for, 145; legal aspects of 
support of, 347 ff. 

Adjoining premises, negligence and lia¬ 
bility as to, 350 f. 

Aeolian coral rock, 218 

Aetna Building, New York City, 224 f. 

A-frame, 218 

Air-conditioning installations, 125 
Air hammers, double-acting, 96 
Air lock, portable, 228 
Air pressure, 129 
Alluvial deposits, 9, 319 
Alluvial mud, 32 f. 

Alluvial plain, 303 

Alluvial swamp, 222, 247 

Angles, steel, use of, 136, 177, 187; il., 137 

Angle struts, 210 

Approach pit, 61, 141, 152, 167, 169; in 
compressed-air caisson underpinning, 
129; extension of, 171 
Arching action, 35, 59, 68 f., 71, 98 ff. 
Area, percentage of, disturbed by pits, 36; 

relation to bearing capacity, 313-18 
Area, of footings, size of, and bulbs of 
pressure, 293 f. 

Augers, for mucking, 108 f. 

Automatic pumping plant, il., 86 

Backfilling, 130, 138; with earth, 124, 167; 

with gravel, 164 
“Bailey Bridges,” 56 
Bank of America, New York City, 127 
Bank of Manhattan Building, New York 
City, 127, 237 ff.; il, 239 
Bank of New York and Trust Company, 
New York City, 11, 57, 127 


Basements, pit in, 75; excavation of, 236, 
239; cross-lot bracing, 233 
Battered cylinders, 183 
Beam, reinforced concrete, 205 
Bearing area, 169; increased by masonry 
pits, 4; increased by grillages, 53; in¬ 
creased by belling out, 67; increased by 
concrete slab, 148; decrease of, as cause 
of settlement, 171 

Bearing capacity, of various types of soil, 
119 f., 261, 325; of pneumatic cylinders, 
130; of footings, 289; relation to area, 
313-18 

Bearing strata, 113, 125 
Bearing value, of piles, 30 
Beauvais, Cathedral of, 4 
Belling, 67 f.; il., 72 
Bench marks, 267 
Binhouse, settlement of, 143 
Blakesley siphon, 90 
Blasting, 79; legal aspects re, 351 
Blocking and jacking, in raising a struc¬ 
ture, 143 ff. 

Boiler, 750-ton, Brooklyn Navy Yard, 
moving operations, 275-82; ils., 276, 
278, 279, 280 

Boiling, 74, 85, 111, 134, 138; prevention 
of, 232, 258 

Bomb explosion (1921), 11 
Borings, value of, 8, 9, 10 
Boulders, presence of, 10, 91 f., 176, 193, 
195 

Boussinesq, theory of, 310, 325; il., 312 
Box-sheeted pit, 61 f., 155, 200 
Box sheeting, see Horizontal sheeting 
Bracing, 65 f.; against lateral movement, 
1 9 > 2 °5 (see also Lateral bracing); 
supplementary, 67; vs. rock slides, 79; 
with vertical steel channels and screw 
jacks, 245; pretested, 250 
Braces, transverse, 171 f.; compression of, 
250; inclined, see Shores 
Brackets, welded, 222 
Breaks, in earth banks, 20, 251 
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Breuchaud, Jules, 226, 229 
Brick-and-mortar buildings, tipping of, 

! 9 

Brick buildings, preliminary support in 
underpinning, 54 ff. 

Bridgeport, Conn., steel bridge, 256 
Broad St., New York, 148, 152, 199—202 
Broad St. subway, Philadelphia, 158 
Buchanan, 325 

Bucket, for hoisting muck, 65 f.; self¬ 
dumping, 235, 243 
Buckling, prevention of, 91 f. 

Building Code of New York City, 94 
Buildings, movement of, 10 ff. (see also 
Settlement); examination of, before un¬ 
derpinning, 13-15; light, danger of 
overjacking, 39; weight of, as a reaction 
for jacking, 132, 239; righted after 
settlement, 142 ff.; occupied, founda¬ 
tion operations under, il, 238; under¬ 
pinning during erection of, 246-50; 
moving to higher elevation, 272; New 
York City subway contract specifica¬ 
tions re, 341 f. 

Bulb of pressure, 98, 116 ff., 132, 183, 220, 
249, 291 ff.; overlapping, 122 f., 298; in 
sand, 304 f.; primary and secondary, 
302 ff.; ils,, 123, 292, 293, 300, 301, 302 
Bulkhead, permeable, 164 
“Bull points,” 91 
Buttresses, 148 


Caissons, 94; frictional resistance to sink¬ 
ing of, 71; sinking of, 84 f., 115; sunk 
to hardpan, 222; sunk to rock, 227 f.; 
open cyclindrical, jacked to rock, 
237 ff.; enlargement of, 240 ff., il, 244; 
see also Compressed-air caissons 
Caisson underpinning, 25 ff. 

Cantilever beams, 194; il, 196 
Cantilevered needles, 51 f.; il, 47; sup¬ 
porting pipe columns, il, 53 
Capillary attraction, 81, 178, 319, 322 
Cast-in-place concrete piles, 191 f. 
Cast-iron columns, 49 ff. 

Cathedrals, foundation difficulties, 3 
Caulking, piles, 94 

Caxton Building, Cleveland, Ohio, 184- 
86 

Cement, high early-strength, 75 f., 272 
Cement grouting, 145 
Cement mortar, 240 
Centerville Hydro-Electric Plant, 95 
Centrifugal pumps, 84, 85 


Central Hanover Bank Building, New 
York City, il, 259 
Chases, vertical, 264; il, 263 
Chemical consolidation of ground, 146 
Chicago Union Terminal Building, 315 f. 
Chicago well method, 71 ff., 143, 222, 243; 

in clay, il, 73 
Churn drill, 195 f. 

Circular footings, 314 

Clamp, for cast-iron column, il, 52 

Clamping beams, 282 

Clarke, 229 

Clay, 71; subways bored through, 6; 
moist, excavation in, 81; properties of, 
322 ff.; see also Sand and clay 
Clay bank, method of retaining, 161-66 
Cleaning, methods of, 56 f., 113, 152, 183 
Cleats, vertical, 142 

Clearance, 193, 207; see also Headroom; 

Work space 
Closure pits, 237 
Coefficient of permeability, 321 
Coefficient of rolling friction, 279 
Cofferdams (White and Prentis), 13871 
Cofferdam, excavation within, 184; con¬ 
tinuous, compressed-air caissons as, 
226; timbering, 250 

Collapse, ancient use of masonry shores 
to prevent, 3 

Columns, steel, 12, 49 ff.; interior, 32 f., 
172 f.; placement of needles, 48 f.; cast- 
iron, 49 ff.; settlement, 172; needled 
and jacked, 190 f., ils., 190, 191; ex¬ 
terior, 192 f.; pits beneath, 235; tall, 
underpinning method, 213 ff.; elevated, 
re-underpinning, 216; foundations for, 
240; brick, supported by wood shores 
and braces, il, 37; needle and pit un¬ 
derpinning of, 197 ff., il, 198 
Column extensions, 280 
Column loads, 154, 169, 173; increase of, 

6, 12; carried by I-beams, 159 f., 269; 
computation of, 266; determined by 
extensometer, 277 

Commercial Cable Building, New York 
City, 225 ff. 

Common law, 339 ff. 

Compressed-air blowpipes, 229 
Compressed-air Caissons, 27, 125-32; il, 
128; method of installation, 129 ff.; and 
jacked sectional steel piles, first used in 
underpinning, 225 ff.; examples, 226-28 
Compressed-air hammers, 96 
Compressed-air tunnels, 106 
Compression, zones of, 313 










Index 


Concrete, underpinning, il., 80; see also 
Reinforced concrete 

Concrete bearing wall, for a cofferdam, 
184 

Concrete cap, 203 f.; for piles, 184, ils., 
185, 186; for steel piles, 218; for 
wooden piles, 272 
Concrete floor, 245 

Concrete mat, 54, 148 f., 275; reinforced, 
5 > 32 , 308 

Concrete piers, 153; sunk to rock, 143, 191 
Concrete slabs, reinforced, 63; to increase 
bearing area, 148; use of, 250 f. 
Concrete steel piles, jacked to hardpan, 
169 

Concreting, of piles, 115 f.; of pits, 123; 

pneumatic cylinder, 130 ff. 
Consolidation of soil, see Ground, con¬ 
solidation of 

Construction materials, cracks caused by 
expansion and contraction of, 11 f. 
Construction period, interest costs dur¬ 
ing, 233 

Contract obligations, legal aspects of, 
352 ff. 

Contracts, subway, specifications, 341-44 
Copper pipe, flexible, 186 
Coral rock, 8, 218 ff., 316 
Cost, saving in, 252, 335 
Cracks, 3*2; ancient use of masonry 
shores to prevent, 3; causes of, 10 f.; 
study of, 15; from settlement, 169; 
caused by lateral movement, 205 f. 
Craven, Alfred, 5 
Crew, mucking, 66, 103 
Critical bearing point, 321 
Cross bracing, 36, 277 
Cross-cut bracing, 174 f. 

Cross-lot bracing, 177, 257; of deep base¬ 
ments, 233; expense of, saved, 246 
Crossed I-beam grillage, il., 59 
Curbing, around mouth of pit, 74 f.; see 
also Well curbing 

Curb walls, installed in pits, 235; rein¬ 
forced concrete, 237, 245 
Curves of settlement, see under Settle¬ 
ment 

Cut-and-cover method, 22 
Cut-off, 32, 74, 172, 197; to prevent loss 
of soil, 133 f. 

Cut-off wall, 155, 158 
Cylinders, installation inside buildings, 
96; reduction of cleaning process, 113; 
cast-iron or steel, 129 f.; mucking out 
and concreting, 152; re-underpinned 
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and re-pretested, 176; diameter of, 232; 
driving, il., 234; see also Pretest cylin¬ 
ders; Steel cylinders 

Dade County Court House, Miami, Fla., 
218 ff.; il., 223 

Damage, repairs of, 20; from settlement 
and movement of sheeting, 179 
Defects, discovered by exposure of foot¬ 
ings, 54 

Demolition, of old buildings before and 
after installation of new foundations, 
233-46 

Design of foundations, 28 f. 

Dewatering, 81, 193; see also Drainage 
Di Giacinto, Albert, 125ft 
Di gging, hardest in dry sand, 63; by elec¬ 
tric shovels, 245 f. 

Distributing beams, 277 
Ditches, sump and drainage, 85 
Divers, use of, 232 
Dowels, steel, il., 79 

Drainage, 80-90; general methods of, 85; 
in coarse and fine soils, 87 ff.; subsur¬ 
face, 164; see also Predrainage sumps 
Drifts, 207 ff.; il., 208 
Drilled-in-Caisson, 195 ff. 

Drilling, line, 79 f. 

Driving and jacking, 95-108 

Drop hammers, 91 

Drop-hammer pile rig, il., 95 

Dry ground, pier underpinning in, 31 f. 

Dry-packing, 75; il., 76 

Dumping bucket, 115 f., 235, 243 

Earth, movement of, 81, 206; elasticity, 
323; see also Lateral movement 
Earth bank, 158, 236; breaks in, 20, 251; 
effects of, il., 21; protection of, 33; un¬ 
sheeted, 61; bracing, 233; sheeted and 
braced, 250; supported by gridiron re¬ 
taining system, 257-59 
Earth pressures, 25, 293 f. 

Earthquakes, a cause of building cracks, 
11 

Eighth Avenue, New York City, elevated 
railroad, 212-16 
Elastic bodies, statics of, 312 
Electric arc welding, 49 f. 

Elevated railroad columns, underpinning, 
76; examples, 212-18 
Elton, H. C., 256 
Ely Cathedral, 3 
End-bearing pile, 304 
Enger, 292, 294 
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Engineering News-Record formula, 191 f., 
304 

Equitable Trust Company, New York 
City, 127 

Equipment, modern, for raising and 
moving structures, 266 f. 

E. R. Squibb & Sons, Brooklyn, N. Y., 
158 f. 

Excavated materials, hoisting and dump¬ 
ing, 235 

Excavation, deeper than adjoining struc¬ 
tures, 5; location of, 24; depth of, 33, 
81; with steam shovel, 141; by power 
shovels, 235; below water level, 32, 
80 f., 253; preparatory to moving a 
building, 271 f. 

—adjacent, pits sunk on line of, 155; as 
cause of settlement, 172; for adjacent 
building, 184 

Excavation, subway, see under Subway 
Extensions, of a building subject to set¬ 
tlement, 313 

Extensometer, 277; il., 280 

Factor of safety, vii, 35, 119 
Factory building, Pacific coast, inade¬ 
quate pile foundation, 310 
Failures, with pile foundations, 305; see 
also Collapse 
Falling objects, 74 f. 

Feather River, Calif., 95 

Field observations, of settlement, 328 f. 

Filler plates, 133 

“Fishtail,” 286; il., 284 

Flay, George F., Jr., 275 n; 

Florida, office building on coral rock, 316 
Flow, of soil, 294 ff. 

Foot block, 250; of a shore, 39 
Foot blocks, 250 

Footing, spread, see Spread footing 
Footings, pretesting, 78, 132-33; unit 
loads, 179 f., 293 ff.; reinforced con¬ 
crete, 189; column, 200; exposure, 213; 
tower, underpinning, 218 ff.; movement 
of, 250; older theories concerning, 289; 
area of, and unit loading, 293 ff.; ca¬ 
pacity of, 313 f.; circular, 314; see also 
Foundations 

“Forty-ton” jack, 100; inverted, 191 
Foundations, science of, early beginnings, 
vii; inadequate, a cause of settlement, 
4; exposure of, for accessibility, 17, 
169, 197; reinforcement of, 23, 59; 
grillages to increase bearing area, 53; 
new method of construction, 120 ff.; 


steel cylinder, 229—33; °f new structure 
constructed while old building was in 
complete use, 233 ff.; method of pre¬ 
construction of, 233-46; reinforced con¬ 
crete slab, 282; failures related to 
weak strata, 289 f.; science of, 289—332; 
general theory of, 289-313 
400 Park Avenue, New York City, im¬ 
proved shoring methods, 262-65 
Fox, Sir Francis, 3 
Fox Theater, Brooklyn, N. Y., 251 f. 
Freezing the soil, 145 
Friction, coefficient of rolling, 279; with 
use of steel balls, 286; and support of 
piles, 289 

Frictional resistance, 71, 192, 275; Engi¬ 
neering News-Record formula, 101 f., 

304 

Friction pile, 304 

Gases, precautions vs. explosion of, 75 
Gaskets, for jacks, 101 f. 

Geological conditions, value of knowl¬ 
edge of 9E; encountered in under¬ 
pinning operations, 84, 140, 152, 173, 
176, 243, 247; and pressures, 289 ff.; 
and pile foundations, Terzaghi’s clas¬ 
sification, 307 ff. 

Gertz Department Store, Jamaica, L. I., 
158; ils., 159, 160 
Girders, reinforced concrete, 248 
Glacial drift, 315 
Glacial moraine, 140, 235 
Goldbeck, 293; curve of relation of soil 
penetration to bearing area, 314 f. 
Goldsborough, J. B., 226, 229; patented 
louvre, 63 

Grain Elevator, Winnipeg, Canada, 142- 
45; il, 144 

Grain-size distribution, tab., 83 
Granular soils, states of, il., 320 
Gravel, use of, 86 f.; as fill, 164 
Greathead, John F., 120, 292 
Gridiron retaining system, 158-59, 257- 
59; il, 259 

Grillage and pit underpinning, exam¬ 
ples, 199-202 
Grillage beams, 160 

Grillages, 23, 37, 130, 212; for prelimi¬ 
nary support, 52-59; installation of, 
53 *•; types of, ils., 55, 136; steel, 
method of reinforcing, il, 57; steel, 
temporary, 187; use of contra-indi¬ 
cated, 197; of I-beams and concrete, 
200; reinforced concrete, 205 
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Ground, rising of, 113, 178 f.; free from 
obstructions, for pile driving, 232; un¬ 
consolidated, 303 f.; see also Soil 
Ground, consolidation of, 9, 134, 221, 
225, 306, 318 ff.; chemical consolidation 
of, 146; time of, 319 
Ground, loss of, 60, 63, 111, 133 f., 139, 
*55> *57* 206; prevention of, 27; and 
horizontal sheeting, 61; in belling out, 
67 f. 

Ground water, dependent on geological 
conditions, 84; and predrainage sump, 
85; absence of, 197 

Ground water level, 24, 73 f., 87, 125; 
lowering of, 8 f., 176, 207; excavation 
below, 32, 80 f., 253; well points in, 87 
Group pretesting, 212, 216, 221 
Group testing, of piles, 122 ff., 167, 171, 
249 > 3 i 7 

Grouting, 28, 75 

Guides, timber, 236; steel, use in raising 
boiler, 280 

Guide lines, for setting rollers, 274 
Guide strips, 283 
Guide template, il., 285 

Hand power, best jacking rig for, 100 
Hanger rods, 185 

Hardpan, 16, 30, 93, 169, 200, 202, 222, 
2 43 > 3*5 

H-beams, 47, 158, 195, 257; shores, 139, 
791 brackets, 159; and steel gril¬ 
lages, 160 f.; piles, to underpin subway 
passage, 161, il., 162; on center line of 
drift, 209 f., il., 210 
Head, difference in, and boils, 74 
Headers, cleating, to prevent sliding, 62 
Headroom, 60, 73, 95, 96, 98, 153, 193, 
203, 248; see also Clearance; Work 
space 

Heaving, see Rising 
Heel blocks, 286; il., 287 
Hemp rope, non-twisting, 66 
Hercules Piles, 229 

Hide and Leather Building, New York 
City, 247-50 

Hoisting rig, for muck, 65 
Holland Tunnel, foundations for ven¬ 
tilating building, 230 
Horizontal boards, 166; for sheeting, 134 
Horizontal louvre boards, 158, 193 
Horizontal pit-board method, 197, 213 ff. 
Horizontal pit boards, 142, 257 
Horizontal rods, bent up, 237 
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Horizontal sheeting, 60 f., 149, 237, il., 
64; method of use, 61 ff.; flexibility, 
66 f.; soil used in, 71; wood, 159 f. 
Horizontal wales, 257 
H-sections, steel, 268 
Hudson & Manhattan Railroad, 22 f. 
Hudson Department Store, Detroit, Mich., 
222 f., 243 

Humdinger pump, 83 f. 

Hydraulic equipment, care of, 104 f. 
Hydraulic gauges, 271 
Hydraulic jacks, 98, 183; use in testing 
piles, 29; for driving sectional piles, 
91; old type, il., 102; braces and 
wedges for reaction to, 253; use in soil 
bearing tests, 261; use in raising and 
moving a building, 272 ff.; power for 
moving building, 283; thrust of, 286; 
see also Jacking 

Hydraulic power, for moving a building, 
274 

Hydraulic pump, worked by hand, 100; 

power operated, 105 f., 240 
Hydraulic pressure, 283 
Hydraulic rams, 185 f. 

Hydraulic screw jack, 100, il., 101; to 
maintain pretest, 224; use in raising 
and moving structures, 267 
Hydrostatic constants, 319 
Hysteresis, electrical, 257; loops, 296 

I-beams, 132; in grillages, 52 ff.; deterio¬ 
ration by rust, 54; as wedging beam, 
116; encased with masonry, 124, 171, 
176; to make T-bars, 138; encased in 
concrete, 167; needles, 185 f., 199 (see 
also Needles); transverse, 200, il., 201; 
vertical, 205; for jacking reaction, 228 
I-beam shores on pipe piles, il., 44 
Illinois, University of, studies of pres¬ 
sure, 291 f. 

Inclined piles as shores, il., 43 
Indemnity, legal aspects of, 347 
Industrial Trust Company Building, 179 
Interborough Subway, New York City, 
157 f- 

Interior columns, supported on canti¬ 
lever beams, 194 ff.; il., 196 
Interlocking steel sheeting, 133 ff., 154 f. 
Interlocking steel sheet pile bulkhead, 
effect of, on a clay bank, 163 
Interlocking steel sheet piling, 179 
Inter-pile sheeting, 134, 141, 172, 176; 
specifications re, 63; on property line, 

1 35 * 1 37» l 7T> f° r protection walls, 158 











Index 


368 

Inter-pit sheeting, 197; horizontal, 202 
Inverted jack setup, ils., 103, 104 
Iserman, Maurice, 339 

Jack and pump, water-tight connections, 
102, 104 f. 

Jacking, and mucking, 108-16; com¬ 
pressed-air caisson, 130; and pretest- 
ing, 185 ff.; and testing, 211 f.; against 
temporary I-beams, 220; under water 
pipes or sewers, 260; see also Driving 
and jacking 

Jacking and wedging, 195, 2^0 
Jacking dice, 98; il., 99 
Jacking force, 286 
Jacking pipe, il, 92 
Jacking pits, reinforced concrete, 279 
“Jackknifing,” 19, 46, 51, 199 
Jordan Marsh Department Store, Boston, 
Mass., 159-61; il., 162 
J. P. Morgan Building, New York City, 
127 

“Kicker” beams, 251; il., 159 
Kuhn-Loeb Building, New York City, 
54> 127; settlement of, 16 f. 

Kogler, Ing. F., 294 

Labor, for pit-sinking, 61; for mucking 
and hoisting, 66, 103 
Laboratory tests, on soil mechanics, 312 
La Bour pump, 84 

Lafayette and Houston Streets, New 
York City, 206-12 
Lally columns, 152 f. 

Lateral bracing, 32, 139; il., 182; steel, 
157 

Lateral movement, of buildings, 18, 36, 
139; bracing vs., 19, 53, 60, 171 f.; 
cracks caused by, 205 f.; ils., 204, 205; 
of sheeting, 179; of earth, 308 
Lateral pressure, 68 ff.; earth, 134 
Lateral support, doctrine and nature of, 
346 f. 

Latticed girders, 57; for grillage, il., 56 

Leake, Arthur G., 256 

Leaning Tower of Pisa, 3 

Ledge rock, 10, 316 

Level readings, 16, 18, 195, 222, 272 

Liability, as to adjoining premises, 350 f. 

Limestone rock, 243 

Limestone veneer, crushing of, 12 

Line-drilling, 79 f. 

Lintels, permanent, 264 
Liquid limit, of soil, 322 


Loads, computation of, 28, 312; allow¬ 
able, 30 f.; transfer of, 75, n6f., 193, 
265; on various types of soil, ngf.; 
on pneumatic cylinders, 130, 132; unit, 
1 79^» 293 ff.; distribution, 248 ff., 292, 
304, 312; tests for soil bearing capac¬ 
ity, 261 f.; concentration on steel balls, 
283; tests, 318 

London, excavation for subways, 6 
Loud-speaker control, of moving opera¬ 
tions, 288 

Louvres, 63, 158, 237, 258; ils., 64, 65, 70 

McKiernan-Terry pile hammers, 193, 231 
McKinley, D., 17972 
McShain, John, Inc., 337 
Madden, John, 120 
Maintenance, defined, 341 
Manganese steel jacks, 100 
Manhattan Island, Viele Map of, 9 
Manhattan quicksand, 17, 138, 169, 226, 
2 39» 256 

Marlow pump, 84 
Marsh, pile foundations in, 305 
Masonry, repairs, 35 f.; encasement of 
wedging beams, 123 f., 171, 176; il., 124 
Masonry buildings, 268 
Masonry piers, 76, 149 
Masonry shores, to prevent collapse, 3 
Master valve, to control a line of hy¬ 
draulic jacks, 267 

Mat, continuous, 248; see also Concrete 
Mat 

Mat foundation, on clay, 142 
Meem, J. C., 60 

Metropolitan Telephone Building, New 
York City, 148-51 

Mexico City, settlement of buildings in, 
312 

Mica schist, 78 

Mills Building, New York City, 127 
Monastery of the Oblate Fathers, Three 
Rivers, Canada, 282-88 
Mortar, use in dry-packing, 75 
Mt. Sinai Hospital Dispensary, New York 
City, 152-54; il 153 
Movement, of buildings, causes of, 10 ff. 
(see also Lateral Movement; Settle¬ 
ment); prevented by arching action, 
59; protection against, 76 f.; of foot¬ 
ings, 250 

Moving buildings, modern equipment 
for, 266 f.; details of operation, 274 ff.; 
deviation from theoretical line of 
travel, 279 
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Moving and raising structures, examples, 
268-88 

Moving force, 274 

Muck, 103; hoisting rig for, 63; arching 
action of 98 ff. 

Mucking, 235; Methods and equipment, 
108-16; tools, il., 109; by hand, 243 
Mucking and jacking, il., 114; cost of, 115 
Mucking rig, il., 66 
Mud-hog pump, 83 f., 178, 193 
Mutual Life Building, New York City, 
54 * 172, 17 B 

Narragansett Brewing Co., Cranston, 
R. I., 158-59 

Nassau St. subway. New York City, 16 ff., 
54* *23, 138, 154, 166, 216; ils., 7, 253, 
255; drainage and excavation method, 
il., 82 

National Bank of Commerce, New York 
City, 16, 169-72; il., 170 
Needles, 132, 216; permanent, use of, 27; 
use as preliminary support, 42-52; 
combined with screw jacks, il., 46; 
kinds of, 46 f.; disadvantage of, 50 f.; 
prestressing, il., 51; installation of, 
184 f.; to transfer loads, 193 ff., il., 194; 
temporary, 197; as a reaction for pre¬ 
testing, 222; transverse, 269 f. 

Needles and grillages, 96 
Needle and pile underpinning examples, 
184-97 

Needle and pit underpinning, examples, 

1 97-99 

Negligence, as to adjoining premises, 
344 f- 

New York Board of Transportation, 13 
New York Central Railroad, 188 
New York City, Viele May, 9 f.; mica 
schist, 78; buildings underpinned by 
pneumatic cylinders, 127; underpin¬ 
ning contract specifications, 341-44; 
see also names of buildings, as Bank 
of Manhattan 

New York City Building Code, 29 ff., 
94 * 192 

New York City Subway System, 5; see 
also under Broad Street; Nassau Street; 
Sixth Avenue; Subway 
New York State, Public Service Com¬ 
mission, 92 

New York Stock Exchange, cracks in 
marble facade, 12 

New York Times Annex, Brooklyn, N. 
Y., 140-42; il., 141 


3 6 9 

New York Times Building, 18, 173-76; 
ils., 174, 175 

Niches, in masonry, 37 f., 47 f.; in brick¬ 
work, 55; below bottom of foundation, 
76 f.; for jacks, 191, ils., 77, 88; for 
I-beams, 199, 214; for caissons, 228; to 
provide working room, 248 
“Niggerhead” winch, 65 b, 95, no 
Noble, Alfred, 226 

Oak rockers, 143 
Oak wedges, 39, 250, 252 
Objects, falling, prevention of, 74 f. 
Oelsner, E. C., Estate, Center Island, 
N. Y., 161-66 

Office building, Miami, Fla., 316 
Office building, Sao Paulo, Brazil, 
righted, 145 f. 

“Ojus," see Aeolian coral rock 
Open-caisson underpinning, 151-54 
Opera House, Mexico City, 291 
Orange-peel bucket, 109 f. 

Overload, 133; tests, 119; pretesting with, 
221 

Pacific Gas and Electric Company, 95 
Parabolic curve of settlement, 312, 318, 
323 

Parabolic distribution of pressure, 291 f. 
“Park Avenue Method" of shoring, 262- 
65; ils., 263, 264 
Park Row elevated columns, 216 
Parsons, William Barclay, 5 
Pavements, undisturbed, 237, 251 
Payments, New York City contract spec¬ 
ifications re, 343 f. 

Pearl and William Streets, New York 
City, elevated railroad columns, 216-18 
Peat, settlement and, 7, 192; jack¬ 

ing through, 100; foundation trouble 
caused by, 187 

Penetration of soil, and bearing value, 
3 ! 4 f-* 323 

Pennsylvania State College, studies of 
pressure, 291 f. 

Peoples Savings Bank, Providence, R. I., 

1 76-79» 180, 181 

Permeability, coefficient of, 321 
Philadelphia, mica schist, 78 
Photographs, use in examination of 
buildings, 14 

Piers, continuous wall of, 24; under¬ 
pinning, 60 ff.; methods of wedging, 
il., 74; masonry, 76; riverside, 190 f.; 
to rock, 200; depth of, 225 
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Piers and protection method, combina- 
tion of, 24 

Pier underpinning, see Pit underpin¬ 
ning 

Pile-driving, 195; rigs, 96, il., 232; locali- 
zation of disturbance caused by, 225; 
vibration caused by, 220, 247, 325; and 
settlement, 325 
Pile-driving formula, 307 
Pile footings, capacities of, 289; vs. spread 
footings, 305 f.; Terzaghi’s classifica¬ 
tion of 307 ff.; loading and settlement 
of, il., 309; capacity of, 317 f. 

Piles, wedging and group-testing, 18 (see 
also Group testing); concrete and 
steel, use of, 25, 41 f.; testing of, 29; 
bearing value of, 30!, 120 ff.; capac¬ 
ities allowed by Building Code of 
New York City, 30, 94; rising of, 120; 
carrying capacity increased by, 170; 
installation, 173; open-ended, 195; 
capping with concrete, 203 f.; damaged 
by moving earth, 206; driven to hard 
stratum, 248; length of, 303; distribu¬ 
tion of load on, 304; wasteful use of, 
305 f.; consolidating action of, 307 
Piles, wood, see Wood piles 
Pile underpinning, 166-84 
Pipe pile, shores, il, 182; driven to rock, 
190, 192 

Pipe stiffeners, 288 
Pipe work, subsurface, 259-61 
Pisa, Leaning Tower of, 3 
Pits, masonry, 4, 23; open, 10, 24; loca¬ 
tion of, 57; small, size of planks for, 
61; box-sheeted, 61 f.; sinking in mod¬ 
erate depths, 65; deep, mucking rig 
for, il, 66; shape of, 67, il., 68; belled 
out, ils., 69, 72; depth of, 68, 71, 91, 
237; timbering of, il., 70; circular, 71; 
curbing around mouth of, 74 f.; con¬ 
creting of, 75, 155 f. ; sheeted, 85, 212, 
237; for predrainage sump, 85 f.; trap¬ 
ezoidal, 166, 169, 203; shallow, 218; 
sunk below columns, 235; see also 
Approach pit 

Pit boards, 62 f.; see also under Hori¬ 
zontal pit boards 

Pit underpinning, 24; methods, and 
examples of, 140-54, 333-37 
Plastic limit, of soil, 321 
Plate girders, 44, 212, 220; ils., 48, 211 
Plumb-bobs, 19 

Pneumatic cylinders, see Compressed-air 
caissons 


Pneumatic hammer, vibration caused by, 
220 

Ponds, filled-in, 9 

Porto Capena, Italy, 3; il., 4 

Posts, wooden, 209 ff. 

Power shovels, 235 f., 245 f.; il, 238 
Preconstruction of foundations, methods 
of, 233-46 

“Pre-drainage” sump, 85, 87, 155, 176, 
207; il, 86 

Prentis, Edmund A., viii; and Lazarus 
White, Cofferdams, 13871 
Pressure, beneath footings, 289; on yield¬ 
ing foundations, 290 ff.; unit, 292 ff., 
il, 294; zone of maximum, 306; be¬ 
neath a foundation on clay, computa¬ 
tion of, 325 ff.; variations in, 327 f. 
Pressure gauge, 101, 116, 256 
Prestressing, 193 
Pretest, definition, 25 n 
Pretest cylinders, as temporary support, 
176, il, 178; to transfer load, 182 f. 
Pretest load, 176 

Pretest method, 25, 118, 152, 166, 171, 
209, 215 f., 224, 246-50; origin of, 120; 
use in reinforcing steel structures, 
256 f.; in soil bearing tests, 261 f. 
Pretesting, 123-33; with hydraulic jacks, 
39; of footings, examples of, 218-25, 
il, 131; of wall columns, 184; of sec¬ 
tional steel piles, 203; in timbering 
methods, 250; saving by, 251; by steel 
braces and wedges, 252 f. 

Property line, inter-pile sheeting on, 137, 

*775 H; 135 
Protection method, 24 
Protection wall, 154-66; sheeting and 
bracing, ils., 159, 160; piles, il, 161 
Public High School building, 191-97 
Puddling, of silt, 179, 325 
Pulsometer pump, 84 
Pump, diaphragm, 83 f.; types of, 84; 

types and location of, for drainage, 90 
Pump and jack, independent, 100 ff. 
Pumping, as cause of boils, 74; for drain¬ 
age, 82 f.; in predrainage sumps, 157 
Pumping plant, automatic, il, 86 

Quicksand, 81, 202, 206; subways built 
through, 6; boiling, 88; driving in, 
232; see also Manhattan quicksand 

Railroad crossings, jacking pipes under, 
260 
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Railroad ties, bulbs of pressure beneath, 
297; il, 296 

Raising a building, 272 
Rakers, 261; temporary, 209 
Ram, 100 f. 

Rebound, of pile, 120 
Reciprocating machinery, a cause of 
cracks, 11 

Reidy, Maurice, L. Sr., 162 
Reinforced concrete mat, see Concrete 
mat, reinforced 

Reinforced concrete jacking pits, 279 
Reinforced concrete slab, 63; foundation, 
282 

Removal of buildings, as cause of settle¬ 
ment, 324 
Repairs, 20 
Re-pretesting, 177 f. 

Resistance, frictional, see Frictional re¬ 
sistance 

Retaining wall, concrete, 163 
Ridgway, Robert, 5 
Rings, wrought steel, sets of, 71 f. 
Riprap fill, 222 

Rising of buildings, 18; of ground, 113; 

of piles, 120 
Riverside piers, 190 f. 

Rock, 125, 130, 145; metamorphosed, 
33, 78; underpinning to, il, 78; driv¬ 
ing to, 91; decomposing of, 316 
Rock slide, see Slide, rock 
Rollers, 270 ff., 277; cylindrical, 282 
Rotation, of a clay bank, 164; il., 163 
Rotating a structure, 143 
Rubble masonry, defects in, 57 f. 

Rubble wall, continuous, as foundation, 
202 

Runners, 268, 270 ff., 277, 282, 283; steel 
pointer welded to, 274; prevention of 
buckling of, 288 

Rust, botryoidal flakes of, 54; and shell 
of piles, 94 f. 

Safety, factor of, vii, 35, 119 
Safety collar, 100 
Safety dogs, 236 
Safety hook, il., 67 

St. Joseph's Cathedral, Hartford, Conn., 
113, 179-84 

St. Paul’s Cathedral (London), 3 
Salt hay, 63, 134 

Sand, speed of pit-sinking in, 61; belled- 
out pit in, il., 69; leveled alongside 
footing stones, 197; properties of 
323 
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— coarse, 18, 207; jacking through, 98 
— fine, 63, 184; drainage in, 87, 81 ff. 

— loose, 224 

Sand and clay, 11, 30, 41, 71, 149, 152, 
! 55» *97» 199* 202, 206, 239 
Sand and gravel, 86 f., 173, 178, 247 
Sand ballast, under load, lines of move¬ 
ment of, il., 297 
Sand pile method, 164 
Sao Paulo, Brazil, 145 
Saving, through use of small-sized shaft, 
67; in cost and time, in foundation 
work, 233; in cost, 246; of time, 237, 
239 f., 247 ff.; by pretesting braces, 251; 
in expense, by application of under¬ 
pinning methods, 252 
Scabs, timber, for pretesting, 250 
Scheidig, Ing., 292 ff.; interpretation of 
Boussinesq’s theory, il., 312 
School of Mines, Mexico City, il., 291 
Scouring action, caused by water jet, 111 
Screw jacks, for taking up loads on 
shores, 39 f.; niches for, il., 77; steel, 
203 

Sectional steel piles, 155, 202, 256; 
method of driving, 90 f.; jacked, and 
compressed-air caissons, first used in 
underpinning, 225 ff. 

Settlement, 15-19; caused by inadequate 
foundation, 4, 6 ff.; Teatro Nacional, 4; 
vibration a cause of, 8, 42, 194 f.; 
nature of the ground and, 18, 28 f., 

117 f-J arrest of, by pretesting footings, 
27; corners of spread footings broken 
by, 54; wood sheeting and, 63; of 
spread footings, 132; correction of, by 
freezing the soil, 145 f.; during under¬ 
pinning, 148; caused by decrease in 
bearing area, 171; cracks caused by, 
169; caused by weight of tower, 218; 
of a building during movement, 282; 
zone of depth of, 307 f.; of pile founda¬ 
tions, 310; theoretical, 310 ff.; causes 
of, 324 f.; examples of, 325-32; field 
observations, 328 f. 

— curves of, 290 ff., 318; curves, ils., 117, 
290, 297, 298, 299, 311, 312 
—differential, 8, 11, 182, 187, 333 f. 
—uniform, 11, 15 f., 122, 299 f., 307 
Settling tank, use in mucking, 112 f. 
Sewers, method of jacking, 260 
Shearing strength, 71, 323 
Sheeting, 133-39; vs. boils, 85; vertical, 
6°, 71, 73 f-> 74 f-J horizontal, 61 ff. 
—wood, 133 ff., 138, 258; decay of, 63 
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Shell, durability of, 94 f. 

Shields, in subway construction, 6 
Shoes, jacking, 113 
Shores, use of, 3, 36-42; and needles, 
combination of, 46; and cantilever 
needle, il., 47 
Shoring details, il., 38 
Shoring methods, underpinning applied 
to, 262-65, 334 ff. 

Shrinkage limit, of soil, 322 
Siphon, 90; inverted, 95 
Sixth Avenue Subway, New York, ils., 
23, 25, 79, 137, 177; use of vertical wood 
sheeting, 138; boulder obstacles, 176 
Skeleton steel buildings, 268 
Skid-pile rigs, 96; il., 97 
Skin friction, 308 
Skyscraper, vii, 169, 179 
Slabs, reinforced concrete, 63, 282 
Sleeve, cast-steel, 229 b, il., 232; con¬ 
nections, 94, il., 92 

Slide, prevention of, 142; rock, 33, 79; 
il., 78 

Slope, limiting, 156 

Smokestack, underpinning operations, 
125, 187 f.; il., 126 

Soil, nature of, and settlement, 18, 28 f., 
ii7f.; unit pressure on, 25; carrying 
capacity, 28 f., 289 f.; tab., 29 f.; shear¬ 
ing strength of, 71, 323; quality of, in 
relation to depth of pit, 71 f.; condi¬ 
tions of, 84 f. (see also Geological con¬ 
ditions); slow draining, 87; jacking 
through various types of, 100; driving 
through various types of, 113; mucking 
in various types of, nof.; sheeting in 
various types of, 134; freezing of, to 
overcome settlement, 145 f.; elastic 
properties of various types of, 292 ff.; 
bearing value, 314; granular, 320 ff.; 
classification of, 320 ff.; see also Clay; 
Gravel; Sand; Silt 

—fine-grained, 81; properties of, tab., 
83; clogging of well points, 89 f. 

Soil compaction, see Ground, consolida¬ 
tion of 

Soil consolidation, see Ground, consoli¬ 
dation of 

Soil mechanics, xiii, 289; examples of 
principles of, 310; details of, 318-25 
Soil tests, value of, 9; underpinning 
methods applied to, 261 f.; ils., 260, 
261, 262 

Soldier beams, vertical, 166 
Sole plate, 283 


Spencer, Charles B., viii; “Grid Sheet 
Bracing System Holds Sides of Deep 
Cut,” 158^ 268n 

Spencer, White, & Prentis, viii, xi, 334 f. 
Spreaders, cleating to prevent sliding, 62 
Spread footing, 152, 306; design, 8; on 
sand and clay, 11, 154, 169; exposure 
of, 53; of inverted arches, 173; isolated, 
189, 301; on riprap, 222; idealized 
case, 298 ff. 

Spring Valley Hydraulic Mining Com¬ 
pany, 95 
Spur braces, 251 
Stabilizer band, 123 f., 171, 174 
“Starters,” 92 

Starting force, in moving a structure, 267, 
271 

Statute law, re support of adjoining 
buildings, 346-50 
Steam siphons, 84, 90 
Steel, effect of temperature on, 12, 256 f. 
Steel balls, use in moving a structure, 
282 ff.; load concentration on, 283; 
method of handling, il., 284, 285; 
friction, 286 

Steel bents, transverse, 207 
Steel cylinders, size of, 25; concrete-filled, 
computation of allowable loads, 30 f.; 
jacked to hardpan and wedged, 166; 
open end, to rock, 229; typical layout, 
230 f.; method of driving, 232; see also 
Tuba Steel Cylinders 
Steel cylinder foundations, 240; under¬ 
pinning methods applied to, 229-33 
Steel erection, 240 
Steel lugs, 253 

Steel piles, 200; in pits, 23 f.; driven to 
clay, 184; concrete-filled to carry 
elevated railroad columns, 216 
Steel plates, 207; il., 208 
Steel rollers, use in moving structures, 
267; friction, 286 
Steel shell piles, 30 f. 

Steel sheet piling, interlocking, 86 
Steel structure, reinforced by under¬ 
pinning methods, 256 f. 

Steel tank, experiments in settlement 
with, 329 ff.; ils., 327, 329, 330, 331 
Steel tower, use of, 216 
Stories, additional, effect of, 154, 256 
Strain gauges, 256, 267 
Strasbourg, Cathedral of, 3-4 
Stratum, hard, 25 
Strata, weak, 289 f. 

Street decking 21 f., 256; il., 253 
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Street level, public convenience of work¬ 
ing below, si f.; two stories below, 226 
Stress, distribution of, 295; il, 326 
Stresses, secondary, 191; equalizing, 256 
Structures, raising and moving of, 266-88; 
rotation of, 268 

Struts, encased in concrete, 183 
Subsurface conditions, cause of settle¬ 
ment, 8; exploration of, 9 ff., 268; see 
also Geological conditions 
Subsurface pipe work, application of 
underpinning methods to, 259-61 
Subway construction, and underpinning, 
5, 6; ils. f 7; examination of adjacent 
buildings, 13-15; early methods, 22; 
excavation for, 172 ff., 197 f., 199 f.; 
underpinning a structure on line of 
excavation, 197 f.; four-track, method 
of underpinning, 206-12; cut-and- 
cover, 253 f.; gridiron retaining system, 
2 57 “ 59 » contract specifications, New 
York City, 335-38; see also under 
Broad Street; Nassau Street; Sixth 
Avenue 

Subway passage, use of H-beam piles, 
161; il., 162 

Subway roof, to carry elevated railroad 
columns, 213, 216 
Suction, loss of, 84 

Sulphuretted hydrogen and marsh gas, 
presence of, 243 

Sumps, 178 f.; see also Pre-drainage sump 
Support, of buildings, preliminary to 
underpinning, 35-59 
Supporting system, for moving and 
raising structures, 268 
Sway bracing, 212 

Tank, settlement of, il., 327 
Teatro Nacional, Mexico City, settle¬ 
ment, 4, 32; il, 280 
“Telltales,” paper, use of, 15 
Temperature, effect on construction ma¬ 
terials, 11 f.; effect on steel, 256 f. 
Tensile stresses, 268 

Terzaghi, Karl, xii, 305 f., 310, 325; 
“thermodynamic analogy,” 318 ff.; 
classification of soils, 320 ff.; table of 
properties of clay and sand, 322 f. 
Testing, and wedging, 116-25; of piles, 
248; setup for moving a structure, 
270 f.; see also Pretest method; Soil 
tests 

Test load, 116 
Test pits, use of, 9 


Thomson, T. Kennard, 226 
Tie-rods, 57, 166, 183, 218 
Tilting leads, 96, 193 
Timber cribbing, 282; inferior to steel, 
266; il., 281 

Timbering methods, underpinning ap¬ 
plied to, 250-56 

Timbering system, for sheet support, il., 
253 

Timbers, continuous beds of, 197 f. 
Timber shore, il., 42, 158, 176 
Time, saving of, 247 
Tipping, of buildings, 19; smokestack, 
187 

Tower, settlement caused by, 8, 218 
Tower leads, 96 

Track, for moving structures, 267 f. 
Track beams, 270 ff., 283; guide line 
along center, 274; prevention of buck¬ 
ling of, 288 

Transverse bents, structural steel, 189 
Trench, in subway underpinning, 207 
Tribune Building, New York City, 154- 
58; il., 156 

Trucks, hoisting of, 236 
Tuba Steel cylinders, 229 ff.; allowable 
loads on, tab., 31 
Turnbuckles, 56, 199, 200 

Underpinning, definition, 3; when re¬ 
quired, 5 ff.; depth of, 31; first use of 
jacked steel sectional piles and com¬ 
pressed air caissons, 225 ff.; legal as¬ 
pects, 345-53 

—methods, 20 ff.; development and im¬ 
provement, 5; applications to other 
work, 229-65; during the erection of a 
building, 246-50; applied to timbering 
methods, 250-56 

United States Bureau of Public Roads, 
320 

United States Subtreasury Building, 166- 
69; Us., 167, 168 
Unwatering piles, 115 

Vacuum gauge, 87 

Vacuum pump, 84 

Vault walls, underpinning of, 245 f. 

Venice, Italy, pile foundations, 305 

Vertical beams, 257 

Vertical loads, 159 f. 

Vertical sheeting method, 258 
Vertical waling timber, 187 
Vibration, 98, 177; as cause of settlement. 
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8, 42, 220; from pile-driving, 77, 194 f„ 
247; harmonic, 281 
Viele map, 9 

Vulcan hammer, gravity type, 231 

Wages, 348; jacking and mucking, 115 
Waling timbers, 250; vertical, 187 
Wall, jackknifing of,” 19; loads carried 
by, 28; underpinning of, 32 f.; bulges 
* n » 36; thin, method of shoring, 38; 
continuous, 57 f., 140; pretesting, 132; 
reinforced with steel rods, 248; use of 
weight of, 249; exterior, support for, 
in moving a building, 282; danger of 
cracks, in relation to curves of settle¬ 
ment, 312 f. 

Wall column, load pretested, 184 
Wall Street Journal Building, 151 f. 
Washington, Monument, Washington, 
D.C., underpinned, 4, 146-48; il., 147 
Water, difficulty of underpinning in¬ 
creased by presence of, 5 f., 71, 200 ; 
carrying capacity of, 81 f.; head of, 134;’ 
squeezing out of excess, 310, 318 
Water flow, and “quickness,” 164 
Water jet, ils., 109, 110; to loosen ground, 
111 

Water level, 18; work at, 61; lowering 
of, 151 f., 155; see also Ground water 
level 

Water pipes, method of jacking, 260 
Water tables, perched, 84 
Watson-Stillman hydraulic pump, 283 f. 


wedges, 71; steel, 39, 41 , ll6 , 25o; oak, 
39> 250, 252 

Wedging, ,16-25; methods of under¬ 
pinning piers, il., 74; of pit, 75; also 
Pretest method 

Wedging and testing underpinning, 60 
Wall curbing, horizontal, 60 f., 155 
Well point pumping, ils., 88, 89 
Well points, 85; installation, 87; drain¬ 
age by, 87 ff. 

West Side Viaduct, New York City 188- 
9i 


White, Lazarus, viii, 25 n, 222a, 325; 

and E. A. Prentis, Cofferdams, 138 n 
White House, Washington, D.C., xiii, 
1 4 °, 333-37 

Willard Parker Hospital, New York City, 
268-75; 269, 270, 273, 275 

William Street, New York City, subway 
system, 5, 92, 197 
Winchester, Cathedral of, 3 
Wood piles, 325 f.; decay of, 9, 125 , 
151 f » il-, 126; carrying capacity, 149; 
concrete capping, 203 f., 272; founda¬ 
tion, 227; to support track beams, 272; 
short, 305 

Working chamber, of pneumatic cylin- 
der, 129 

Work room, 57, 158, 200, 213, 248; in 
pits, 67 


Yankee Stadium, Bronx, New York 222 
329 
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